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Technical Information Center 


This publication presents technical information for the several product families that comprise 
the Motorola small-signal transistor line. The families include both bipolar and field-effect tran- 
sistors. These are available in a variety of packages; metal can, plastic, and microminiature. 
Complete device specifications and typical performance curves are given on individual data 
sheets, which are grouped by the various families. 

A quick comparison of performance characteristics is presented in the easy-to-use selector 
guides in the first section. The tables will assist in the selection of the proper transistor for a 
specific application. 

Separate sections are included to describe package outline drawings, and to clarify the 
mysteries of high reliability processing and testing. 

The information in this book has been carefully checked and is believed to be accurate; 
however, no responsibility is assumed for inaccuracies. Furthermore, this information does not 
convey to the purchaser of semiconductor devices any license under the patent rights to the 
manufacturer. 
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2N638 = 
2М656 4-2 
2М657 4-2 
2N697 4-3 
2N699 4-4 
2N703 4-5 
2N703JAN 4-5 
2N706 4-6 
2N706A 4-6 
2N706B 4-6 
2N706JAN 4-6 
2N708 4-8 
2N708JAN 4-8 
2N708JTX 4-8 
2N718 4-9 
2N718A 4-10 
2N718AJAN 4-10 
2N718AJTX 4-10 
2N718AJTXV 4-10 
2N720A 4-12 
2N834 4-13 
2N835 4-13 
2N860A = 
2N869A 4-14 
2N869AJAN 4-14 
2N869AJTX 4-14 
2N869AJTXV 4-14 
2N910 4-17 
2N914 4-18 
2N914JAN 4-18 
2N914JTX 4-18 
2N915 4-19 
2N916 4-20 
2N916JAN 4-20 
2N918 4-21 
2N918JAN 4-21 
2N918JANS = 
2N918JANTXV 

2N918JTX 

2N918JTXV 


2N930 
2N930A 
2N930JAN 
2N930JTX 
2N956 
2N1131A 
2N1132 
2N1132A 
2N1132JAN 
2N1132JANTX 


2N1613 
2N1613JAN 
2N1613JTX 
2N1613JTXV 
2N1613LJTXV 
2N1711 
2N1893 
2N2060 
2N2060A 
2N2060JAN 
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2N2060JTX 
2N2060JTXV 
2N2102 
2N2193A 
2N2218 
2N2218A 
2N2218AJAN 
2N2218AJTX 
2N2218AJTXV 
2N2218JAN 


2N2218JTX 
2N2218JTXV 
2N2219 
2N2219A 
2N2219AJAN 
2N2219AJTX 
2N2219AJTXV 
2N2219ALJTXV 
2N2219JAN 
2N2219JTX 


2N2219JTXV 
2N2221 
2N2221A 
2N2221AJAN 
2N2221AJTX 
2N2221AJTXV 
2N2221JAN 
2N2221JTX 
2N2221JTXV 
2N2222 


2N2222A 
2N2222AJAN 
2N2222AJTX 
2N2222AJTXV 
2N2222JAN 
2N2222JTX 
2N2222JTXV 
2N2223 
2N2223A 
2N2270 


2N2297 
2N2368 
2N2369 
2N2369A 
2N2369AJAN 
2N2369AJANS 
2N2369AJTX 
2N2369AJTXV 
2N2453 
2N2453A 


2N2480 
2N2480A 
2N2481 
2N2481JAN 
2N2481JTX 
2N2484 
2N2484JAN 
2N2484JTX 
2N2484JTXV 
2N2501 
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2N2539 2N2906JTXV 
2N2604 2N2907 
2N2605 2N2907A 
2N2605JAN 2N2907AJAN 
2N2605JANTXV 2N2907AJANS 
2N2605JTX 2N2907AJTX 
2N2608 2N2907AJTXV 
2N2608JAN 2N2907JAN 
2N2609 2N2907JTX 


2N2609JAN 2N2907JTXV 


2N2639 5-7 2N2913 

2N2640 5-7 2N2914 

2N2641 5-7 2N2915 

2N2642 5-7 2N2916 

2N2643 5-7 2N2917 

2N2644 5-7 2N2918 

2N2652 5-9 2N2919 

2N2652A 5-9 2N2920 

2N2720 5-10 2N2944 

2N2721 5-10 2N2944A 

2N2722 5-11 2N2944AJAN 1-44 
2N2723 5-12 2N2944AJTX 1-44 
2N2785 5-13 2N2944AJTXV 1-44 
2N2800 4-53 2N2945 1-20 
2N2843 6-3 2N2945A 1-20 
2N2844 6-3 2N2945AJAN 1-44 
2N2857 7-2 -38 2N2945AJTX 1-44 
2N2857JAN - -44 2N2945AJTXV 1-44 
2N2857JTX = = 2N2946 1-20 
2N2857JTXV - = 2N2946A 1-20 
2N2894 -5 = 2N2946AJAN 1-44 
2N2895 -5 - 2N2946AJTX 1-44 
2N2896 -5 = 2N2946AJTXV 1-44 
2N2897 -5 E 2N2959 - 
2N2903 -1 E 2N3011 

2N2903A - = 2N3012 

2N2904 - > 2N3013 

2N2904A - S 2N3013JAN 

2N2904AJAN - я 2N3013JTX 


2N2904AJTX 
2N2904AJTXV 


2N3014 
2N3019 


2N2904JAN $ = 2N3019JAN 
2N2904JTX + 2N3019JTX 
2N2904JTXV z Е 2N3019JTXV 
2N2905 š Е 233020 
2N2905A 2 2N3020JAN 
2N2905AJAN š x 2N3020JTX 
2N2905AJTX + 2N3020JTXV 
2N2905AJTXV š š 2N3043 


2N2905ALJANS 
2N2905JAN 
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2N3044 
2N3045 


2N2905JTX š 2N3046 
2N2905JTXV 3 ж 233047 
232906 š А 2N3048 
2N2906A S З 233053 
2N2906AJAN š > 2N3053A 
2N2906AJTX + G 2N3073 
2N2906AJTXV ^ = 2N3114 
2N2906JAN š " 2N3133 
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2N2906JTX 


2N3135 
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2N3227 
2N3244 
2N3245 
2N3249 
2N3250 
2N3250A 
2N3250AJ AN 
2N3250AJTX 
2N3250AJTXV 
2N3251 


2N3251A 
2N3251AJ AN 
2N3251AJTX 
2N3251AJTXV 
2N3252 
2N3253 
2N3253JAN 
2N3253JANTX 
2N3299 
2N3300 


2N3301 
2N3302 
2N3303 
2N3307 
2N3308 
2N3330 
2N3330J AN 
2N3330JTX 
2N3331 
2N3368 


2N3369 
2N3370 
2N3425 
2N3436 
2N3437 
2N3438 
2N3439 
2N3439JAN 
2N3439JTX 
2N3439JTXV 


2N3440 
2N3440JAN 
2N3440JTX 
2N3440JTXV 
2N3444 
2N3444JAN 
2N3444JANTX 
2N3458 
2N3459 
2N3460 


2N3467 
2N3467J AN 
2N3467JTX 
2N3467JTXV 
2N3468 
2N3468JAN 
2N3468JTX 
2N3468JTXV 
2N3485 
2N3485A 
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2N3485AJ AN 
2N3485AJTX 
2N3486 
2N3486A 
2N3486AJ AN 
2N3486AJTX 
2N3494 
2N3495 
2N3496 
2N3497 


2N3498 
2N3498JAN 
2N3498JTX 
2N3498JTXV 
2N3499 
2N3499J AN 
2N3499JTX 
2N3499JTXV 
2N3500 
2N3500JAN 


2N3500JTX 
2N3500JTXV 
2N3501 
2N3501JAN 
2N3501JTX 
2N3501JTXV 
2N3506 
2N3506JAN 
2N3506JTX 
2N3506JTXV 


2N3507 
2N3507J AN 
2N3507JTX 
2N3507JTXV 
2N3508 
2N3509 
2N3510 
2N3511 
2N3546 
2N3553 


2N3553JAN 
2N3553JTX 
2N3553JTXV 
2N3634 
2N3634JAN 
2N3634JTX 
2N3635 
2N3635JAN 
2N3635JTX 
2N3636 


2N363CJAN 
2N3636JTX 
2N3637 
2N3637JAN 
2N3637JTX 
2N3647 
2N3648 
2N3673 
2N3677 
2N3700 
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2N3712 

2N3724 

2N3724A 
2N3725 

2N3725A 
2N3726 
2N3727 
2N3734 
2N3735 
2N3736 


2N3737 
2N3742 
2N3743 
2N3743JAN 
2N3743JTX 
2N3762 
2N3762JAN 
2N3762JTX 
2N3762JTXV 
2N3763 


2N3763JAN 
2N3763JANTXV 
2N3763JTX 
2N3764 
2N3764JAN 
2N3764JTX 
2N3764JTXV 
2N3765 
2N3765JAN 
2N3765JTX 


2N3796 
2N3797 
2N3798 
2N3799 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3810A 


2N3810JAN 
2N3810JTX 
2N3810JTXV 
2N3811 
2N3811A 
2N3811JAN 
2N3811JTX 
2N3811JTXV 
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2N3821JTX 


2N3821JTXV 
2N3822 
2N3822JAN 
2N3822JTX 
2N3822JTXV 
2N3823 
2N3823JAN 
2N3823JTX 
2N3823JTXV 
2N3824 


2N3838 
2N3839 
2N3866 
2N3866A 
2N3866AJ AN 
2N3866AJTX 
2N3866AJTXV 
2N3866JAN 
2N3866JTX 
2N3866JTXV 


2N3903 
2N3904 
2N3905 
2N3906 
2N3909 
2N3909A 
2N3946 
2N3947 
2N3948 
2N3959 


2N3960 
2N3960JAN 
2N3960JTX 
2N3960JTXV 
2N3962 
2N3963 
2N3964 
2N3965 
2N3966 
2N3970 


2N3971 
2N3972 

2N3993 

2N3993A 
2N3994 

2N3994A 
2N4013 
2N4014 
2N4015 
2N4016 


2N4026 
2N4027 
2N4028 
2N4029 
2N4030 
2N4031 
2N4032 

2N4033 

2N4033JAN 
2N4033JTX 
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2-2 1-2 
2-2 1-2 
2-7 1-2 
2-7 1-2 
6-14 1-30 
6-14 1-31 

4-156 1-18 
4-156 1-18 

1-42 
1-39 
1-39 
1-44 
1-44 
1-44 
1-16 
1-16 
1-16 
1-16 
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2N4033JTXV 
2N4036 
2N4037 
2N4057A 
2N4091 
2N4092 
2N4093 
2N4117 
2N4117A 
2N4118 


2N4118A 
2N4119 
2N4119A 
2N4123 
2N4124 
2N4125 
2N4126 
2N4208 
2N4209 
2N4220 


2N4220A 
2N4221 
2N4221A 
2N4222 
2N4222A 
2N4223 
2N4224 
2N4234 
2N4235 
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2N4410 
2N4416 
2N4416A 
2N4427 
2N4449J AN 
2N4449JTX 
2N4453 
2N4453JAN 
2N4453JTX 
2N4854 


2N4854JAN 
2N4854JTX 
2N4854JTXV 
2N4855 
2N4856 
2N4856A 
2N4856JAN 
2N4856JTX 
2N4856JTXV 
2N4857 


2N4857A 
2N4857JAN 
2N4857JTX 
2N4857JTXV 
2N4858 
2N4858A 
2N4858JAN 
2N4858JTX 
2N4858JTXV 
2N4859 


2N4859A 
2N4859JAN 
2N4859JTX 
2N4859JTXV 
2N4860 
2N4860A 
2N4860JAN 
2N4860JTX 
2N4860JTXV 
2N4861 


2N4861A 
2N4861JAN 
2N4861JTX 
2N4861JTXV 
2N4890 
2N4924 
2N4925 
2N4926 
2N4927 
2N4928 


2N4929 
2N4930 
2N4930JAN 
2N4930JTX 
2N4930JTXV 
2N4931 
2N4931JAN 
2N4931JTX 
2N4931JTXV 
2N4937 


Wo 


1 1 1 1 1 ' 
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2М4236 


2N4237 
2N4238 
2N4239 
2N4260 
2N4261 
2N4261JAN 
2N4261JTX 
2N4264 
2N4265 
2N4338 


2N4339 
2N4340 
2N4341 
2N4342 
2N4351 
2N4352 
2N4360 
2N4391 
2N4392 
2N4393 


2N4398 
2N4400 
2N4401 
2N4402 
2N4403 
2N4404 
2N4405 
2N4406 
2N4407 
2N4409 
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2N4938 
2N4939 
2N4940 
2N4941 
2N4942 
2N4957 
2N4957JAN 

2N4957JTX 

2N4957JTXV 
2N4958 


2N4959 
2N5022 
2N5023 
2N5031 
2N5032 
2N5058 
2N5059 
2N5086 
2N5087 
2N5088 


2N5089 
2N5108 
2N5109 
2N5109JAN 

2N5109JTX 

2N5109JTXV 
2N5146 
2N5160 
2N5179 
2N5208 


2N5209 
2N5210 
2N5222 
2N5223 
2N5224 
2N5225 
2N5226 
2N5227 
2N5228 
2N5229 


2N5230 
2N5231 
2N5245 
2N5246 
2N5247 
2N5265 
2N5266 
2N5267 
2N5268 
2N5269 


2N5270 
2N5320 
2N5321 
2N5322 
2N5323 
2N5358 
2N5359 
2N5360 
2N5361 
2N5362 
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Part # 


2N5363 
2N5364 
2N5400 
2N5401 
2N5415 
2N5415JAN 
2N5415JTX 
2N5415JTXV 
2N5416 
2N5416JAN 


2N5416JANTXV 
2N5416JTX 
2N5457 

2N5458 

2N5459 

2N5460 

2N5461 

2N5462 

2N5463 

2N5464 


2N5465 
2N5484 
2N5485 
2N5486 
2N5550 
2N5551 
2N5555 
2N5556 
2N5557 
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2N5558 


e о 
1 
OR о 


2N5581 
2N5581JAN 
2N5581JTX 
2N5581JTXV 
2N5582 
2N5582JAN 
2N5582JTX 
2N5582JTXV 
2N5583 
2N5638 


2N5639 
2N5640 
2N5653 
2N5654 
2N5668 
2N5669 
2N5670 
2N5679 
2N5680 
2N5681 


2N5682 
2N5771 
2N5793 
2N5793JAN 
2N5793JTX 
2N5793JTXV 
2N5794 
2N5794JAN 
2N5794JTX 
2N5794JTXV 
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2N5795 
2N5795J AN 
2N5795JTX 
2N5795JTXV 
2N5796 
2N5796JAN 
2N5796JTX 
2N5796JTXV 
2N5829 
2N5835 


2N5836 
2N5837 
2N5859 
2N5861 
2N5943 
2N5947 
2N6255 
2N6256 
2N6304 
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3N201 
3N202 
3N203 
3N204 
3N205 
3N206 
3N209 
3N211 
3N212 
3N213 


BC107,108,109 
BC140 Series 
BC141 Series 
BC160,-6,-10,-16 
BC161,-6,-10,-16 
BC177,178,179 
BC393 

BC394 

BCW20 


2N6305 BCW29 P s 
2N6426 BCW30 Е = 
2N6427 BCW31 = = 


2N6428 BCW32 = = 
2N6428A е BCW33 £ š 
2N6429 1-4 BCW60A à E 
2N6429A 1- BCW60B š 
2N6430 = BCW60C = 
2N6431 = BCW60D = 

2N6432 Р BCW61A ~ z 


2N6433 


2N6501 
2N6502 
2N6503 
2N6515 
2N6516 
2N6517 
2N6518 
2N6519 
2N6520 
2N6603 


2N6603JAN 
2N6603JTXV 
2N6604 
2N6604JAN 
2N6604JTXV 
2N6659 
2N6660 
2N6661 
3N128 
3N155 


3N155A 
3N156 
3N156A 
3N157 
3N157A 
3N158 
3N158A 
3N169 
3N170 
3N171 


BCW61B 


BCW61C 
BCW61D 
BCW65A 
BCW65B 
BCW65C 
BCW66F 
BCW66G 
BCW67 

BCW67A 
BCW67B 


BCW67C 
BCW68 
BCW68F 
BCW68G 
BCW68H 
BCW69 
BCW70 
BCW71 
BCW72 
BCW72R 


BCX17 
BCX18 
BCX19 
BCX20 
BCX51 
BCX52 
BCX53 
BCX54 
BCX55 
BCX56 
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BCX68 
BCX69 
BCX70G 
BCX70H 
BCX70J 
BCX70K 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


BCY58,VII,VIII,IX,X 
BCY59,VII,VIII,IX,X 
X,X 
X,X 


BCY70,71,72 
BCY78,VII,VIII,IX, 
BCY79,VII,VIII,IX, 
BCY66 

BCY67 

BDT70 

BDT71 

BF246 


BF246A 
BF246B 
BF246C 
BFQ17 
BFQ18A 
BFQ19 
BFR30 
BFR31 
BFR90 
BFR91 


BFR92 
BFR92S 
BFR93 
BFR93S 
BFR96 
BFRC96 
BFS17 
BFS17S 
BFW43,44 
BFW92A 


BFX29 
BFX84,85,86 
BFX89 
BFY90 
BS107 
BS107A 
BS170 
BSS63 
BSS64 
BSS71,72,73 


BSS74,75,76 
BSS77,78 
BSS79B 
BSS79C 
BSS80B 
BSS80C 
BSS82C 
BSV52 
BSX19,20 
BSX39 


Devices with no page number shown are available from Motorola although not represented in this book Please contact your nearest Motorola 


representative for further information 


BSX45,-6,-10,-16 
BSX47,-6,-10 


BZX84C 

BZX84C4V7 
BZX84C5V1 
BZX84C5V6 
BZX84C6V2 
BZX84C6V8 
BZX84C7V5 
BZX84C8V2 


BZX84C9V1 
BZX84C10 
BZX84C11 
BZX84C12 
BZX84C13 
BZX84C15 
BZX84C16 
BZX84C18 
BZX84C20 
BZX84C22 


BZX84C24 
BZX84C27 
BZX84C30 
BZX84C33 
J107 
J108 
J109 
J110 
J111 


J112 


J113 
J174 
J175 
J176 
J177 
J201 
J202 
J203 
J270 
J271 


J300 
J304 
J305 
J308 
J309 
J310 
JF1033B 
JF1033S 
JF1033Y 
MBAL99 


MBAS16 
MBAV70 
MBAV74 
MBAV99 
MBAW56 
MD708 
MD708A 
MD708AF 
MD708B 
MD708BF 
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Data Selector 
Motorola Sheet Guide 
Part # Page # Page # 


MD708F 
MD918 
MD918A 
MD918AF 
MD918B 
MD918BF 
MD918F 
MD982 
MD982F 
MD984 


MD985 
MD985F 
MD 986 
MD986F 
MD1120 
MD1120F 
MD1121 
MD1121F 
MD1122 
MD1122F 


MD1123 
MD1129 
MD1129F 
MD1130 

MD1130F 
MD1132 

MD1132F 
MD2060F 
MD2218 

MD2218A 


MD2218AF 
MD2218F 
MD2219 
MD2219A 
MD2219AF 
MD2219F 
MD2369 
MD2369A 
MD2369AF 
MD2369B 


MD2369BF 
MD2369F 
MD2904 
MD2904A 
MD2904AF 
MD2904F 
MD2905 
MD2905A 
MD2905AF 
MD2905F 


MD3250 
MD3250A 
MD3250AF 
MD3250F 
MD3251 
MD3251A 
MD3251AF 
MD3251F 
MD3409 
MD3410 


Devices with no page number shown are available from Motorola although not represented in this book Please contact your nearest Motorola 
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Motorola 
Part # 


MD3467 
MD3467F 
MD3725 
MD3725F 
MD3762 
MD3762F 
MD4260 
MD4261 
MD4957 
MD5000 


MD5000A 
MD5000B 
MD6001 
MD6001F 
MD6002 
MD6002F 
MD6003 
MD6003F 
MD6100 
MD6100F 


MD7000 
MD7001 
MD7001F 
MD7002 
MD7002A 
MD7002B 
MD7003 
MD7003A 
MD7003AF 
MD7003B 


MD7003F 
MD7004 
MD7004F 
MD7005 
MD7005F 
MD7007 
MD7007A 
MD7007B 
MD7007BF 
MD7007F 


MD7021 
MD7021F 
MD8001 
MD8002 
MD8003 
MFE120 
MFE121 
MFE122 
MFE130 
MFE131 


MFE132 
MFE140 
MFE521 
MFE823 
MFE825 
MFE910 
MFE930 
MFE960 
MFE990 
MFE2000 
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Data 
Motorola 
Part # 


Sheet 
Page # 
MFE2001 
MFE2004 
MFE2005 
MFE2006 
MFE2010 
MFE2011 
MFE2012 
MFE3001 
MFE3002 
MFE3003 


MFE3004 
MFE3005 
MFE4007 
MFE4009 

MFE4012 

MFE9200 

MFQ930C 
MFQ960C 
MFQ990C 
MHQ918 


MHQ2221 
MHQ2222 
MHQ2369 
MHQ2483 
MHQ2484 
MHQ2906 
MHQ2907 
MHQ3467 
MHQ3546 
MHQ3798 


MHQ3799 
MHQ4001A 
MHQ4002A 
MHQ4013 
MHQ4014 
MHQ6001 
MHQ6002 
MHQ6100 
MHQ6100A 
MHQ6842 


MHW590 
MHW591 
MHW592 
MHW593 
MM420 
MM421 
MM852 
MM1505 
MM1748 
MM1748A 


MM1941 
MM2005 
MM2258 
MM2259 
MM2260 
MM3000 
MM3001 
MM3002 
MM3003 
MM3005 
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MM3006 
MM3007 
MM3008 
MM3009 
MM3726 
MM3903 
MM3904 
MM3905 
MM3906 
MM4000 


MM4001 
MM4002 
MM4003 
MM4005 
MM4006 
MM4007 
MM4018 
MM4019 
MM4036 
MM4037 


MM4049 
MM4052 
MM4208 
MM4209 
MM4257 
MM4258 
MM5005 
MM5006 
MM5007 
MM5262 


MM5415 
MM5416 
MM6427 
MM8000 
ММ8001 
MM8002 
MM8009 

MMBA811C5 
MMBA811C6 
MMBA811C7 


MMBA811C8 
MMBA812M3 
MMBA812M4 
ММВА812М5 
MMBA812M6 
MMBA812M7 
MMBA813S2 
MMBA813S3 
ММВА81354 
ММВВ601Т 


ММВВ7095 
ММВВ709Т 
MMBC1009F1 
MMBC1009F2 
MMBC1009F3 
MMBC1009F4 
MMBC1009F5 
MMBC1321Q2 
MMBC1321Q3 
MMBC1321Q4 
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ALPHANUMERIC INDEX (continued) 


Data 
Motorola Sheet 
Part # Page # 
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MMBC1321Q5 MMBT2222 я 
MMBC1621B2 MMBT2222A я 
MMBC1621B3 = MMBT2369 x 
MMBC1621B4 - MMBT2484 + 
ММВС162206 - MMBT2907 Š 
MMBC1622D7 - ММВТ2907А = 
MMBC1622D8 = MMBT3640 " 
MMBC1623L3 = MMBT3903 = 
MMBC1623L4 MMBT3904 г. 


MMBC1623L5 


MMBC1623L6 
MMBC1623L7 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 
MMBD101 

MMBD352 


MMBD501 
MMBD914X 
MMBD2835X 
MMBD2836X 
MMBD2837X 
MMBD2838X 


MMBT3906 


MMBT3960 
MMBT3960A 
MMBT4124 
MMBT4125 
MMBT4260 
MMBT4261 
MMBT4401 
MMBT4403 
MMBT5086 
ММВТ5087 


ММВТ5088 
ММВТ5089 
ММВТ5401 
ММВТ5550 
MMBT6427 
MMBT6428 
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MMBD6050X 
MMBD6100 
MMBD7000 
MMBF4391 


MMBF4392 


MMBT6429 
MMBT6517 
MMBT6520 
MMBT6543 


та ще be Ч ей ы ICE TE EE t ай чый CT. T v 
[ 
со со (O CO CO CO CO. (O (O -ч-ч O OQ чоо -ч O 400-4 ~ (O O ~ 


=É 
со 


ооо шло Ss 42442 424424 мм 


ММВТАО5 
MMBF4393 MMBTAO6 

MMBF4416 MMBTA13 9 
MMBF4860 MMBTA14 9 
MMBF5457 MMBTA20 7 
MMBF5459 MMBTA42 9 
MMBF5460 MMBTA43 9 
MMBF5484 ММВТА55 0 
ММВЕ5486 ММВТА56 0 
MMBFJ310 MMBTA63 1-9 
MMBFU310 MMBTA64 1-9 
MMBJ930 MMBTA70 TU 
MMBPU131 1-18 MMBTA92 1-9 
MMBR901 1-10 MMBTA93 1-9 
MMBR920 1-10 MMBTH10 1-8 
MMBR930 1-10 MMBTH24 1-8 
MMBR931 1-10 ММВТН81 1-8 
MMBR2060 1-10 MMBV105G 1-78 
MMBR2857 1-10 MMBV109 1-12 
MMBR4957 1-10 MMBV2097 TUE 
MMBR5031 1-10 - 
MMBR5179 1-10 МАН ДУЗ d š 
MMBS5060 1-13 MMBV2100 = 
MMBS5061 1-13 MMBV2101 

MMBS5062 1-13 


MMBV2102 
MMBV2103 
MMBV2104 
MMBV2105 
MMBV2106 
MMBV2107 


MMBT404 
MMBT404A 
MMBT918 
MMBT918R 
MMBT930 
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MMBV2108 
MMBV2109 
MMBV3102 
MMBV3401 
MMBZ5226 
MMBZ5227 
MMBZ5228 
MMBZ5229 
MMBZ5230 
MMBZ5231 


MMBZ5232 
MMBZ5233 
MMBZ5234 
MMBZ5235 
MMBZ5236 
MMBZ5237 
MMBZ5238 
MMBZ5239 
MMBZ5240 
MMBZ5241 


MMBZ5242 
MMBZ5243 
MMBZ5244 
MMBZ5245 
MMBZ5246 
MMBZ5247 
MMBZ5248 
MMBZ5249 
MMBZ5250 
MMBZ5251 


MMBZ5252 
MMBZ5253 
MMBZ5254 
MMBZ5255 
MMBZ5256 
MMBZ5257 
ММСМ918 

ММСМ930 

ММСМ2221 
ММСМ2222 


ММСМ2369 
MMCM2484 
MMCM2857 
MMCM2906 
MMCM2907 
MMCM3798 
MMCM3799 
MMCM3903 
MMCM3904 
MMCM3905 


MMCM3906 
MMCM3960A 
MPF102 
MPF108 
MPF109 
MPF111 
MPF112 
MPF 130 
MPF131 
MPF 132 


MPF 161 
MPF201 
MPF202 
MPF203 
MPF209 
MPF211 
MPF212 
MPF213 
MPF230 
MPF231 


MPF232 
MPF256 
MPF521 
MPF820 
MPF910 
MPF930 
MPF960 
MPF970 
MPF971 
MPF990 


MPF1010 
MPF2608 
MPF2609 
MPF3330 
MPF3821 
MPF3822 
MPF3823 
MPF3824 
MPF3970 
MPF3971 


MPF3972 
MPF4091 
MPF4092 
MPF4093 
MPF4117 
MPF4117A 
MPF4118 

MPF4118A 
MPF4119 

MPF4119A 


MPF4220 
MPF4220A 
MPF4221 
MPF4221A 
MPF4222 
MPF4222A 
MPF4223 
MPF4224 
MPF4339 
MPF4391 


MPF4392 
MPF4393 
MPF4416 
MPF4416A 
MPF4856 
MPF4856A 
MPF4857 
MPF4857A 
MPF4858 
MPF4858A 


Motorola 
Part # 


Data 
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6-150 
6-150 
6-150 
6-91 
6-155 
6-155 
6-155 
6-160 
6-160 


6-160 
6-161 
6-162 
6-166 
6-124 
6-168 
6-168 
6-169 
6-169 
6-168 


6-173 
6-173 
6-174 
6-175 
6-175 
6-176 
6-176 
6-177 
6-177 


6-177 


6-179 
6-180 
6-180 
6-180 
6-180 
6-180 
6-180 


6-182 
6-182 
6-182 
6-182 
6-182 
6-182 
6-183 
6-183 


6-184 


6-184 
6-184 
6-188 
6-188 
6-189 
6-189 
6-189 
6-189 
6-189 
6-189 
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1-30 
1-36 
1-36 
1-36 


1-36 
1-36 
1-36 


1-32 
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ALPHANUMERIC INDEX (continued) 


Data 
Motorola 
Part # 


Sheet 
Page # 
MPF4859 
MPF4859A 
MPF4860 
MPF4860A 
MPF4861 
MPF4861A 
MPF6659 
MPF6660 
MPF6661 
MPF9200 


MPQ918 
MPQ1000 
MPQ1500 
MPQ2221 
MPQ2221A 
MPQ2222 
MPQ2222A 
MPQ2369 
MPQ2483 
MPQ2484 


MPQ2906 
MPQ2906A 
MPQ2907 
MPQ2907A 
MPQ3303 
MPQ3467 
MPQ3546 
MPQ3724 
MPQ3725 
MPQ3725A 


MPQ3762 
MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 
MPQ6001 
MPQ6002 
MPQ6100 
MPQ6100A 
MPQ6426 


MPQ6427 
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MPQ6501 1-23 
MPQ6502 1-23 
MPQ6600 1-23 
MPQ6600A 1-23 
MPQ6700 1-23 
MPQ6842 1-23 
MPQ7041 1-23 
MPQ7042 1-23 
MPQ7043 1-23 
MPQ7051 1-23 
MPQ7052 1-23 
MPQ7053 = 

MPQ7091 1-23 
MPQ7092 1-23 
MPQ7093 1-23 
MPS404 1-5 
MPS404A 1-5 
MPS650 1-2 
MPS651 1-2 


Data Selector 
Motorola Sheet Guide 
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MPS706 
MPS706A 
MPS708 

MPS750 

МР5751 

MPS751A 
MPS834 
MPS835 
MPS918 
MPS929 


MPS929A 
MPS930 
MPS930A 
MPS2222 
MPS2222A 
MPS2369 
MPS2714 
MPS2716 
MPS2907 
MPS2907A 


MPS2925 
MPS3390 
MPS3391 
MPS3391A 
MPS3392 
MPS3393 
MPS3394 
MPS3395 
MPS3396 
MPS3397 


MPS3398 
MPS3402 
MPS3403 
MPS3404 
MPS3405 
MPS3563 
MPS3565 
MPS3566 
MPS3567 
MPS3568 


MPS3569 
MPS3638 
MPS3638A 
MPS3640 
MPS3644 
MPS3645 
MPS3646 
MPS3693 
MPS3694 
МР53702 


МР53703 
МР53704 
МР53705 
МР53706 
MPS3707 
MPS3710 
MPS3711 
MPS3866 
MPS3866A 
MPS3903 
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MPS3904 
MPS3905 
MPS3906 
MPS4248 
MPS4249 
MPS4250 
MPS4250A 
MPS4257 
MPS4258 
MPS4274 


MPS4275 
MPS4354 
MPS4355 
MPS4356 
МР55133 
MPS5138 
MPS5139 
MPS5172 
MPS5179 
MPS6172 


МР56507 
МР56511 
MPS6512 
MPS6513 
MPS6514 
MPS6515 
MPS6516 
MPS6517 
MPS6518 
MPS6519 


MPS6520 
MPS6521 
MPS6522 
MPS6523 
MPS6530 
MPS6531 
МР56532 
МР56533 
МР56534 
MPS6535 


MPS6539 
MPS6540 
MPS6541 
MPS6543 
MPS6544 
MPS6547 
MPS6548 
MPS6560 
MPS6561 
MPS6562 


MPS6563 
MPS6565 
MPS6566 
MPS6568A 
MPS6569A 
MPS6570A 
MPS6571 
MPS6573 
MPS6574 
MPS6575 
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MPS6576 
MPS6580 
MPS6601 
MPS6602 
MPS6651 
MPS6652 
MPS6714 
MPS6715 
MPS6716 
MPS6717 


MPS6724 
MPS6725 
MPS6726 
MPS6727 
MPS6728 
MPS6729 
MPS6733 
MPS6734 
MPS6735 
MPS8093 


MPS8097 
MPS8098 
MPS8099 
MPS8598 
MPS8599 
MPSA05 
MPSA06 
MPSA09 
MPSA10 
MPSA12 


MPSA13 
MPSA14 
MPSA16 
MPSA17 
MPSA18 
MPSA20 
MPSA25 
MPSA26 
MPSA27 
MPSA28 


MPSA29 
MPSA42 
MPSA43 
MPSA44 
MPSA45 
MPSA55 
MPSA56 
MPSA62 
MPSA63 
MPSA64 


MPSA70 
MPSA75 
MPSA76 
MPSA77 
MPSA92 
MPSA93 
МР5001 
MPSD04 
MPSDO05 
MPSD51 
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MPSD54 
MPSD55 
MPSH02 
MPSH04 
MPSHO05 
MPSH07 
MPSHO08 
MPSH10 
MPSH11 
MPSH17 


MPSH20 
MPSH24 
MPSH30 
MPSH31 
MPSH32 
MPSH34 
MPSH54 
MPSH55 
MPSH69 
MPSH81 


MPSLO1 
MPSL51 
MPSW01 
MPSWO01A 
MPSW05 
МР5У/06 
МР5У/10 
MPSW13 
MPSW14 
MPSW42 


MPSW43 
MPSW45 
MPSW51 
MPSW51A 
MPSW55 
MPSW56 
MPSW60 
MPSW63 
MPSW64 
MPSW92 


MPSW93 
мо918 
MQ930 
MQ982 
М01120 
М01129 
MQ2218 
MQ2218A 
MQ2219 
MQ2219A 


MQ2369 
MQ2484 
MQ2904 
MQ2905A 
MQ3251 
MQ3467 
MQ3725 
MQ3762 
MQ3798 
MQ3799 
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MQ3799A 
MQ6001 
MQ6002 
MQ7001 
MQ7003 
MQ7004 
MQ7005 
MQ7007 
MQ7021 
MRF207 


MRF225 
MRF227 
MRF229 
MRF230 
MRF237 
MRF313 
MRF313A 
MRF402 
MRF501 
MRF502 


MRF511 
MRF515 
MRF517 
MRF525 
MRF531 
MRF532 
MRF534 
MRF536 
MRF559 
MRF571 


MRF572 
MRF573 
MRF580 
MRF581 
MRF586 
MRF587 
MRF604 
MRF607 
MRF626 
MRF627 


MRF628 
MRF629 
MRF630 
MRF901 
MRF904 
MRF905 
MRF911 
MRF912 
MRF914 
MRF931 


MRF961 
MRF962 
MRF965 
MRF966 
MRF967 
MRF8003 
MRF8004 
MSD6100 
MSD6102 
MSD6150 
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MWA110 
MWA120 
MWA130 
MWA210 
MWA220 
MWA230 
MWA310 
MWA320 
MWA330 
MWA110H 


MWA120H 
MWA130H 
MWA210H 
MWA220H 
MWA230H 
MWA310H 
MWA320H 
MWA330H 
MXR3866 
MXR5160 


MXR5583 
MXR5943 
MXT3904 
MXT3906 
MXTA14 
MXTA27 
MXTA42 
MXTA43 
MXTA44 
MXTA64 


MXTA77 
MXTA92 
MXTA93 
PN2222 
PN2222A 
PN2907 
PN2907A 
PN3644 
PN3645 
U308 


U309 
U310 
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Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 


representative for further information 


The following selector guides highlight transistors that have 
emerged as the best values in their various categories. Semi- 
conductors are manufactured by “batch” processes; therefore, 
each “batch” may yield devices with widely varying parameters, 
creating "families." 

A large selection of plastic-encapsulated transistors is offered 
(TO-92, 1 Watt TO-92, SOT-23, SOT-89, Duals, and Quads). 

For those applications where higher power dissipation and 
hermeticity are required, Motorola offers a full line of transistors 
in several metal-can packages. 

FET's include devices developed for operation from dc to UHF 
in switching and amplifying applications. 

A broad line of high frequency (RF) transistors with FT's up 
to 8 GHz are included for amplifiers, oscillators, mixers and 
switching applications. 

Devices which are qualified to JAN, JANTX, JANTXV, and 
JANS high reliability specifications are so noted in the applicable 
selector guides. 
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CASE 29-02 
TO-92 


Plastic-Encapsulated Small-Signal Transistors 


CASE 29-03 
1 WATT TO-92 


Motorola’s small-signal TO-92 plastic transistors encom- 
pass hundreds of devices with a wide variety of character- 
istics for general purpose, amplifier and switching appli- 
cations. The popular high-volume TO-92 package combines 
proven reliability, performance, economy and convenience 
to provide the perfect solution for industrial and consumer 
design problems. All Motorola TO-92 devices are laser 
marked for ease of identification and shipped in antistatic 
containers, as part of Motorola’s ongoing practice of main- 
taining the highest standards of quality and reliability. 


TABLE 1. General-Purpose Transistors 


In addition to the standard TO-92 devices listed in the 
following tables, Motorola also offers special electrical se- 
lections of these devices. Please contact your Motorola 
Sales Representative regarding any special requirements 
you may have. 

In each of the following tables, the major specifications 
of the TO-92 transistor are given for easy comparison. 

Motorola TO-92 transistors are available in the radial or 
axial tape and reel formats. Lead forming to fit TO-5 or TO- 
18 sockets is also available. 


These general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also useful 
as oscillators and general-purpose switches. The transistors are listed in order of decreasing breakdown voltage, V(BR)CEO. 


Pp @ Ta = 25°C = 625 mW) 


MPS6601 


MPS6717 


MPSW01 


tTyp 


MPS6651 


MPS6729 


МР5У/06 MPSW56 
MPS6716 MPS6728 
MPSWO05 МР5У/55 
МР56715 МР56727 
MPSWO01A MPSW51A 
MPS6714 MPS6726 


MPSW51 


V(BR)CEO 
Volts 


MPS8099 MPS8599 

МР5-А06 МР5-А56 

МР58098 МР58598 

МР5-А05 МР5-А55 

МР5651 MPS751 

2N3904 2N3906 

2N4401 2N4403 

2N3903 2N3905 40 
2N4400 2N4402 40 
MPS-A20 MPS-A70 40 
MPS650 MPS750 40 
MPS6531 MPS6534 40 
MPS2222 МР52907 30 
2N4123 2N4125 30 
MPS3704 MPS3702 30 
MPS6513 MPS6517 30 
2N4124 2N4126 25 
MPS6514 MPS6518 25 
MPS6515 MPS6519 

MPS5172 

MPS6560 MPS6562 
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= 100 
300 1.0 
— 100 
= 2000 
300 10 
300 150 
150 100 
150 150 
400 5.0 
— 2000 
270 100 
300 150 
150 2.0 
300 50 
180 2.0 
360 2.0 
300 2.0 
500 2.0 
500 10 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 2. High-Speed Saturated Switching Transistors 


The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processed to provide very short switching times and low output capacitance (below 6 pF). The transistors are listed in order of decreasing 
turn-on time (ton). 


V(BR)CEO а VCE(sat) @ 


Volts Volts 


2N4264 
2N4265 
MPS3646 
MPS2369 


PNP 


MPS3640 
MPS4258 
2N5771 


TABLE 3. RF/UHF/VHF Amplifiers and CATV Transistors 
The transistors listed below are high performance, high frequency standard transistors. The transistors are listed in order of decreasing 


fr min. 


V(BR)CEO а ^ бат 
Volts VAGC Reduction 
Min dB 


MPS5179 
MPS-H17 
MPS6543 
MPS-H10 
MPS-H11 
MPS6547 
MPS918 
MPS3563 
MPS3866 
MPS-HO08 
MPS-H34 
MPS6539 
2N5222 
MPS-H07 
MPS-H24 
MPS-H20 
MPS6540 
MPS-H32 
MPS-H30 
MPS3693 
MPS3694 
MPS-H04 
МР5-Н05 


РМР 


MPS-H81 
2N5208 


MPS-H54 
MPS-H55 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. Darlington Transistors 


Darlington amplifiers are cascade transistors used in applications requiring very high gain and input impedance. These devices have 


monolithic construction and are listed in order of decreasing voltage, У(ВАЈСЕ5: 


V(BR)CES VcE(sa) 4 
Volts Volts lc Ів 
__ мн | a Max | mà | má 
МР5-А29 1 0.1 
MPS-A28 2.0 100 0.1 
MPS-A27 500 125 10 1.5 100 0.1 
MPSA77 60 10000 100 300 125 10 t5 100 0.1 
MPS-A26 500 125 10 1.5 100 0.1 
MPSA76 50 10000 100 300 125 10 1.5 100 0.1 
2N6426 40 30000 100 500 150 10 1.5 500 0.5 
2N6427 40 20000 100 500 130 10 1.5 500 0.5 
MPSA25 40 10000 100 500 125 10 1:5 100 0.1 
MPSA75 40 10000 100 300 125 10 15 100 0.1 
MPSA14 MPSA64 30 20000 100 300 125 10 15 100 0.1 
MPSA13 MPSA63 30 10000 100 300 125 10 1.5 100 0.1 
MPSD04 MPSD54 25 1000 100 300 100 10 1.0 100 0.1 
MPSA12 MPSA62 20 20000 10 300 1.0 10 0.01 
1 Watt TO-92 
MPS6725 
MPS6724 
MPSW45 : 1 
MPSW14 MPSW64 3.0 20K 100 1000 125 10 1.5 100 0.1 
MPSW13 MPSW63 30 10K 100 1000 125 10 1:5 100 0.1 


TABLE 5. Low-Noise Amplifier Transistors 


The small-signal transistors listed in this table are characterized for low-noise amplification at low frequencies 


listed in decreasing order of noise figure (NF). 


BV(BR)CEO @ 
Volts ПЕЕ Ic 
Device Type Ll Min Min mA 
NPN 
2N6428 10 100 1.0 
2N4123 Audio 30 50 2.0 250 10 
2N6429 Audio 45 500 10 100 1.0 
2N4124 Audio 25 120 2.0 300 10 
2N6428A Audio 50 250 10 100 1.0 
2N6429A 3.5 Max Audio 45 500 10 100 1.0 
2N5209 3.0 Max Audio 50 150 10 30 0.5 
2N5088 3.0 Audio 30 300 10 50 0.5 
MPS6520 3.0 Audio 25 200 2.0 390t 2.0 
MPS6521 3.0 Audio 25 300 2.0 3901 2.0 
2М5210 2.0 Мах Audio 50 250 10 30 0.5 
MPS8097 10 
2N5089 0.5 
MPSA18 
МР5А09 


PNP 
2N4125 2.0 
2N4126 2.0 
2N5086 10 
MPS6522 2.0 
MPS6523 2.0 
MPS4249 10 
2N5087 10 
MPS4250 10 
*MPS4250A 0.1 


*Audio = 10 Hz to 15.7 kHz. 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 
TABLE 6. High-Voltage Transistors 


These high-voltage transistors are designed for driving neon bulbs and Nixie" indicator tubes, for direct line operation, and for other 
applications requiring high-voltage capability at relatively low collector current. The devices are listed in order of decreasing breakdown 


voltage, У(ВВ)СЕО: 


V(BR)CEO VCE(sat) 
Volts 


Volts 
Min Max 


NPN 


MPS-A44 
2N6517 
MPS-A45 
2N6516 
MPS-A42 
2N6515 
MPS-A43 
МР5-001 
2N5551 
2N5550 
MPS-L01 


1 Watt TO-92 


MPS6735 
MPSW10 
MPSW42 
MPS6734 
MPSW43 
MPS6733 


PNP 


2N6520 
2N6519 
MPS-A92 
2N6518 
MPS-A93 
MPS-D51 
2N5401 
2N5400 
MPS-L51 


1 Watt TO-92 


TABLE 7. Choppers 


Devices are listed in decreasing (V(BR)EBO 


V(BR)EBO 

Volts 

Min 
NPN 
MPSA17 15 100 200 5.0 0.25 10 
MPSA16 12 100 200 5.0 0.25 10 
PNP 
MPS404A 25 150 30 12 | 0.20 24 
MPS404 12 150 3 | 12 0.20 24 


TABLE 8. Dual Diodes 


Dual diodes designed for use in low cost biasing, steering, and voltage doubler applications including series, common cathode and 
common anode diodes. 


VF 
Volts 
Description pA Min/Max 


Switching А 0.67/0.82 


Common Cathode В 0.67/1.0 
Common Anode 5 -/1.0 
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Microminiature Products 


CASE 318 
TO-236AA 
TO-236AB 


CASE 345-01 


Microminiature Space Saving Alternatives for Discrete Devices 


A wide variety of discrete components from Motorola's repertoire 
of reliability-proven semiconductor processes and geometries 
are available in SOT (Small Outline Transistor) packages. Prod- 
ucts include Bipolar and Field-Effect Transistors; Switching, 
Zener and Varactor Diodes; and Silicon Controlled Rectifiers. 
The surface-mounted SOT devices are currently being used by 
circuit designers on Printed Circuit Boards and Ceramic Substrate. 

Some of the significant features of the SOT devices are: 

e Complete Pretest Capability — all SOT's are 100% 

electrically tested. 


e Handling and Assembly Ease — SOT's can be placed on 
substrates either manually or by using automated handling 
equipment. 

e Reliability — SOT's are subjected to the same rigid relia- 
bility test performed on all Motorola plastic packages. 


e Small Size/Less Weight — Considerable size reduction and 
weight-saving is achieved in circuit designs using SOT 
technology. 


e Broad Line — Currently, Motorola offers over 250 standard 
discrete devices in the SOT packages. (Inquiries regarding 
customers' special requirements are invited.) 

e Marking Capability — A multi-digit code is laser marked on 
every SOT device. 


TABLE 1. General-Purpose SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


NPN 


Device Type Marking 
BCX70K AK 45 
BCX70J AJ 45 
BCW72 K2 45 
BCX70H AH 45 
BCW66G EG 45 
BCX70G AG 45 
BCW71 K1 45 
BCW66F EF 45 
ВСХ19 U1 45 
MMBT930 1X 45 
MMBC1623L7 L7 40 
MMBC1623L6 L6 40 
MMBC1623L5 L5 40 
BSS79C CF 40 
MMBT2222A 1P 40 
MMBT3904 1A 40 
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3 fr 
Min (MHz) 

380 630 2 125 
250 460 2 125 
200 450 2 = 
180 310 2 125 
160 400 100 100 
120 220 2 125 
110 220 2 = 
100 250 100 100 
100 600 100 200 
100 300 1 30 
300 600 1 200 
200 400 1 200 
135 270 1 200 
100 300 150 250 
100 300 150 200 
100 300 10 200 
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e Multi-Sources — Although Motorola was the first domestic 
supplier of SOT's, today there are several U.S. manufac- 
turers, as well as many foreign sources for these devices. 


e Packaging — Motorola standard shipping method for 
SOT's is in vials; additionally, in conjunction with the in- 
dustry trend to use automatic placement equipment for 
microminiature components, Motorola offers the SOT-23 
packaged in the 8mm tape and reel format. 


ө Standard SOT-23 VS Low Profile SOT-23 — Motorola of- 
fers both the standard SOT-23 outline (TO-236AA) and the 
new "Low Profile" SOT-23 (TO-236AB). The only difference 
is the clearance from the bottom of the package to the 
surface of the substrate: 


Millimeters Inches 
Device 


Min Max Min Max 
Standard SOT-23 0.10 0.25 0.004 0.0098 


| Low Profilesor-23 | 0.01 | оло | o.0005 | 0.0040 | 


The "Low Profile" package is primarily designed for customers 
using two-sided printed circuit boards with the SOT-23's mounted 
on the "bottom side" of the board, and with the попзипасе 
mounted device on the "top side." Contact your Motorola rep- 
resentative for ordering instructions on "Low Profile" SOT-23's. 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


NPN 


ПЕЕ fr 


[ max | @сту | Min (MHz) | 


ММВТ4401 
MMBC1623L4 
MMBC1623L3 
MMBT3903 
BSS79B 
MMBTA20 
MMBC1622D8 
MMBC1622D7 
MMBC 1622D6 
BCW60D 
BCW60C 
BCW65C 
BCW60B 
BCW65B 
BCW60A 
BCW65A 
MMBT2222 
MMBB601T 
BCW20 
MMBT4124 
BCW33 
BCW32 
BCW31 


BSS82C 
MMBT2907A 
MMBA811C8 
BCX71K 
MMBA811C7 
BCX71J 
BCW70 
MMBA811C6 
BCX71H 
BCW68G 
MMBA811C5 
BCW69 
BCX71G 
BCW68F 
BCX17 
MMBA813S4 
MMBA813S3 
MMBA813S2 
MMBA812M7 
MMBA812M6 
ММВА812М5 
ММВТ2907 
MMBT3906 
MMBT4403 
MMBA812M4 
MMBA812M3 
BSS80B 
BSS80C 
MMBTA70 
BCW61D 
BCW61C 
BCWe7C 
BCW61B 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


PNP 


Device Type Marking Min (MHz) 


BCW67B 
BCW61A 
BCW67A 
MMBT4125 
MMBB709T 
MMBB709S 
BCX18 
BCW30 
BCW29 


TABLE 2. SOT-23 Switching Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


Switching Time (ns) 
Device Marking TON ТОЕЕ VBR(CEO Max #тМіп (MHz) 
10 


MMBT2369 
BSX39 10 — 
BSV52 10 400 
MMBC1621B4 1.0 200 
MMBC1621B3 1.0 200 
MMBC1621B2 1.0 20 


PNP 


БЕ T m | ws | e |» | m | x ] s 


TABLE 3. SOT-23 Transistors, VHF/UHF Amplifiers, Mixers, Oscillators 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 
Cob 
Marking Min (GHz) Max (pF) 

MMBT3960A 8 2.00 
MMBT3960 3 2.00 
MMBT6543 4 25 1.00 
MMBTH10 0.650 4 25 70 
MMBC1321Q2 0.600 2 25 1.80 
MMBC1321Q3 0.600 2 25 1.80 
MMBC1321Q4 0.600 2 25 1.80 
MMBC1321Q5 0.600 2 25 1.80 
MMBT918 0.600 4 15 1.70 
MMBTH24 0.400 8 30 .36 
MMBC1009F 1 0.150 1 25 3.50 
MMBC1009F2 0.150 1 25 3.50 
MMBC1009F3 0.150 1 25 3.50 
MMBC1009F4 0.150 1 25 3.50 
MMBC1009F5 0.150 1 25 3.50 


PNP 


MMBT4260 
ММВТ4261 
MMBTH81 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 4. Chopper Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


PNP 


MMBT404 
MMBT404A 


TABLE 5. SOT-23 Darlington Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


MMBTA14 
MMBT6427 
MMBTA13 


PNP 


MMBTA64 2V 10 K 10 1.5 
MMBTA63 2U 5.0 K 10 1.5 


TABLE 6. Low-Noise SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 
NF dB 
(Typ) VBR(CEO 
1.0 30 


_ м | Max | @icma 
1.0 


NPN 
am. l 
Min (MHz) 
50 


MMBT5088 1Q 
MMBT5089 1R 1.0 25 1.0 50 
MMBT2484 3.0 60 15 


MMBT6428 
MMBT6429 


PNP 
MMBT5087 1.0 250 800 1.0 40 
MMBT5086 1.5 150 500 1.0 40 


TABLE 7. High-Voltage SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


MMBTA42 
MMBTA43 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 
MMBT5550 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 


MMBTAS2 
ММВТАЭЗ 
ММВТ5401 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 8. SOT-23 Driver Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


қ 
еб ce "eM eso € = тА = E 


ММВТАО6 
В5564 
ММВТАО5 


РМР 


BSS63 
MMBTAS6 
ММВТА55 


TABLE 9. RF SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


MMBR571 
MMBR930 
MMBR920 
ММВН911 
BRF92 
BFR92S 
BFR93 
BFR93S 
MMBR901 
MMBR931 
MMBR2060 
MMBR5031 
ММВН5179 
ММВН2857 
BFS17 
BFS17S 


TABLE 10. RF Junction Field-Effect SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


N-CHANNEL 


MMBFU310 


MMBF5484 
MMBF5486 
MMBF4416 
MMBFJ310 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 11. General-Purpose Field-Effect SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


N-CHANNEL 
“шешті | зак зак | меш” шыла | 
ММВЕ5457 


ВЕНЗО 
BFR31 


MMBF5459 
P-CHANNEL 


мезо | ғ | о | 9 | 44 | | то | 50 | 


TABLE 12. Chopper/Switches, Junction Field-Effect SOT-23 Transistors 


N-CHANNEL 


MMBF4391 

MMBF4860 % 
MMBF4392 60 
MMBF4393 100 


TABLE 13. SOT-23 Switching Diodes 


(Dual Unless Otherwise Noted) 
Diode Pinout: Noted Below 


rr El Ww j 
Max VBR Max Суң 
= чака Description (ns) Min (V) (дА) Min (V) | Мах (М) | а Ip (mA) | Max (pF) 
75 0.1 — 1.0 10 4.0 
) 70 2.5 


MMBD2836 Common Anode 
ВАУ/56 Common Anode 
MMBD2835 Common Anode 
BAV74 Common Cathode 
MMBD2838 Common Cathode 
BAV70 Common Cathode 
MMBD2837 Common Cathode 
MMBD6100 Common Cathode 
MMBD914 Single 
BAS16 Single 
BAL99 Single 
MMBD6050 Single 
BAV99 Series 
MMBD7000 Series 
NOTES: (1) IF = IR = 10 mA, VR = 5.0 V, IRR = 1.0 mA 
(2) IF = IR = 10 тА, VR = 6.0 V, IRR = 1.0 тА 
(3) Pinout: 1-Anode, 2-Anode, 3-Cathode 
(4) Pinout: 1-Anode, 2-Cathode, 3-Cathode and Anode 
(5) Pinout: 1-Cathode, 2-Cathode, 3-Anode 
(6) Pinout: 1-Anode, 2-N.C., 3-Cathode 
(7) Pinout: 1-N.C., 2-Anode, 3-Cathode 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 14. SOT-23 Tuning Diodes 
Tuning Diode Pinouts: 1-Anode, 2-N.C., 3-Cathode 


Device Marking 


vmi 
(V) | (uA) (V) 
TUNING DIODES 


ммвувт | ак] Са [12 
wwevwsa | sE | 
ммвуло | 46 | 
w fe ete E 
ммөугі | ax | s | то [283 [97 а | 


Capacitance 
Ratio 


280 


GGFR 
(V) | (MHz) |(оћт5) | (V) | (mA) | (uA) | (V) 


io а | е 4 
пана pe ЕСІ 
[so | | * Гав | 22 | aco | 
[we | s 15 = 
Сат | за | во | 4 _ 


“PIN” CHANNEL SWITCH 


HOT CARRIER DIODES 


memor ам {a | ш] ES 
|ммвозвг (Dua) | SG | 4 | 25 | — | 1 


[wevan [ао [s= | ло [| – | 1 | 22] – | – | — | 


200 


wes — | se | во | о | — | 


Notes: (1) Voltage such that Ст = 9.0 pF. 


TABLE 15. SOT-23 Zener Diodes 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%) 


U.S. 

Standards 

А ММВ25226 
3.6 ММВ25227 
3.9 ММВ25228 
4.3 ММВ25229 
4.7 MMBZ5230 
5.1 MMBZ5231 
5.6 MMBZ5232 
6.0 MMBZ5233 
6.2 MMBZ5234 
6.8 MMBZ5235 
7.5 MMBZ5236 
8.2 MMBZ5237 
8.7 MMBZ5238 
9.1 MMBZ5239 
10.0 MMBZ5240 
11.0 MMBZ5241 
12.0 MMBZ5242 
13.0 MMBZ5243 
14.0 MMBZ5244 
15.0 MMBZ5245 
16.0 MMBZ5246 
17.0 MMBZ5247 
18.0 MMBZ5248 
19.0 MMBZ5249 
20.0 MMBZ5250 


MMBZ5251 


MMBZ5252 P" 


Device 
Marking 
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Pro-Electron Device 
Equivalent Marking 
BZX84C4V7 21 
BZX84C5V1 22 
BZX84C5V6 23 
BZX84C6V2 Z4 
BZX84C6V8 25 
В2Х84С7У5 Z6 
BZX84C8V2 27 
BZX84C9V1 28 
BZX84C10 29 
BZX84C11 ҰЛ 
BZX84C12 Y2 
BZX84C13 Y3 
BZX84C15 Y4 
BZX84C16 Y5 
BZX84C18 Y6 
BZX84C20 Y7 
BZX84C22 Y8 
В2Х84С24 d Y9 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 15. SOT-23 Zener Diodes (continued) 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%) 


Device Pro-Electron Device 
Marking Equivalent Marking 


U.S. 
Standards 


MMBZ5253 81D 
MMBZ5254 81E BZX84C27 Y10 
MMBZ5255 81F 
MMBZ5256 81G BZX84C30 Y11 
MMBZ5257 81H BZX84C33 Y12 


TABLE 16. SOT-23 Silicon Controlled Rectifier 
Rectifier Pinouts: 1-Cathode, 2-Gate, 3-Anode 


Device Marking УЕхм (mA) (ст (АА) 


MMBS5062 
ММВ55061 
ММВ55060 


TABLE 17. SOT-23 Silicon Programmable Unijunction Transistors 


Transistor Pinouts: 1-Cathode, 2-Gate, 3-Anode 


tram (Amp) (1) | trsm (Amp) (2) | Мах (А) Ip (3) Мах (мА) ly (3)| Max m VF 
[мири | 2| + | ‹+ | 2 [| a2 | 7 | о» | 


NOTES: 

1. Repetitive Peak Forward Current 
100 us Pulse Width 
1.0% Duty Cycle 

. Non-Repetitive Peak Forward Current 
10 us Pulse Width 

. Vs = 10 Vdc, RG = 1.0 то 


№ 


о 


TABLE 18. SOT-89 Transistors 


Pinout: 1-Base, 2-Collector, 3-Emitter 


General Purpose 


bu 
Min (MHz) 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 18. SOT-89 Transistors (continued) 


Pinout: 1-Base, 2-Collector, 3-Emitter 


High Voltage 


MXTA44 400 

MXTA42 300 

MXTA43 200 
PNP 

MXTA92 300 

МХТА9З 200 
Darlingtons 


NP 

10K = T 10 60 1.5 
MXTA14 10K = 10 30 1.5 

РМР 

10K = 10 60 1.5 

RF 


Device Min Max @ Іс (mA) VBR(CBO Max (V) 
N 


VBR(CEO 


PNP 
MXR5583 1000 
MXR5160 500 
тт 
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Metal Small-Signal Transistors 


- 


CASE 20-03 
ТО-72 


CASE 22-03 
ТО-18 


Motorola Small-Signal Metal Can Transistors are designed for 
use as General-Purpose Amplifiers, High-Speed Switches, High- 
Voltage Amplifiers, Low-Level/Low-Noise Amplifiers, High-Fre- 
quency Oscillators, Choppers, and Darlingtons. These devices 
are manufactured in a variety of packages, i.e., TO-18, TO-39, 


TABLE 1. Switching Transistors 


The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (ton). 


он 


ns «а 


ton 
ns & 


Device Ic Volts 


Package 


NPN 
TO-18 


2N2540 
2N914** 
2N4014 
2N4013 
2N2501 
2N2369 
2N2369AT 
2N3227 


2N3444** 
2N3253** 
2N3735# 
2N3734 
2N3252 
2N3506# 
2N3507# 
2N3725 
2N3725A 
2N3724 
2N3724A 
MM5262 
2N5861 
2N3303 


2N3736 
2N3737# 
2N3647 

2N3648 
2N3508 
2N3509 


MM1748 
MM1748A 


PNP 


2N2894 
2N869A** 
2N3546 
2N4208 
MM4258 
2N4209 


**JAN/JANTX available 


“JAN available 
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V(BR)CEO 


CASE 26-03 
TO-46 


TJAN/JANTX/JANTXV/JANS available 


CASE 27-02 
TO-52 


CASE 79-02 
TO-39 


TO-46, TO-52, and TO-72. 

The following selector guide tables also indicate those Mo- 
torola small-signal metal can transistors which are qualified to 
MIL-19500 high-rel requirements. Devices are available in the 
JAN, JANTX, JANTXV and JANS versions as specified. 


VCE(sat) 
Volts @ 


3JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Switching Transistors (continued) 


ton он V(BR)CEO | Іс VCE(sat) 
Device ns & ns G lc Volts mA ПЕЕ G IC Volts G Ic @ iB 
Package Type Min Min mA | Max mA mA | Min 
PNP 
2М3634% 400 600 50 140 1000 50 
2М3635% 400 600 50 140 1000 100 
2N3636# 400 600 50 175 1000 50 
2N4036 110 700 150 65 1000 40 
2N4030 100 | 240(typ) | 500 60 1000 15 
2N4031 100 | 240(typ) | 500 80 1000 10 
2N4032 100 | 240(typ) | 500 60 1000 40 
2N4033# 100 | 240(typ) | 500 80 1000 25 
2N4406 75 225 1000 80 1500 20 
2N4407 75 225 1000 80 1500 30 
2М3245 55 165 500 50 1000 30 
2N3244 50 185 500 40 1000 50 
2N3467# 40 90 500 40 100 40 
2N3468# 40 90 500 50 1000 25 
2N3762# 43 115 1000 40 1500 30 
2N3763# 43 115 1000 60 
2N4404 40 210 500 80 
2№4405** 40 210 500 80 
2N5022 
2N5023 


“JAN available "*JAN/JANTX available TJAN/JANTX/JANTXV/JANS available #JAN/JANTX JANTXV available 


TABLE 2. High-Gain Low-Noise Transistors 


These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 


NF 
Wideband V(BR)CEO 


Typ* Max Volts 
Package 


NPN 


2N2484# 
2N930A 
2N930** 


NPN DARLINGTON 


TO-18 ммм? | | æ | 300 5000 10 125 100 


РМР 


2М3962 10 


2М3963 10 
2М3965 8.0 60 200 
2М3964 4.0 45 200 


2М3798 3. 


2М3799 2 


5 60 50 

5 60 50 
TO-46 2N2604 4.0 
2N2605# 4.0 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers/Oscillators 


The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed in 
decreasing order of У(вв)сво with each line. 


V(BR)CEO 
Volts he G С 
Package Min Min mA 
NPN 
TO-18 MM1941 20 25 10 


TO-72 2м918+ 15 20 3.0 
РМР 
2N3307 35 


2N4261# 15 
2N4260 15 


“JAN available **JAN JANTX available ТЈАМЈАМТХЈАМТХМ JANS available #JAN/JANTX/JANTXY available 


TABLE 4. High-Voltage/High-Current Amplifiers 


The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in 
decreasing order of V(BR)CEO within each package type. 


V(BR)CEO с VCE (sat) fr ] 
Device Volts mA ПЕЕ (а Ic Volts a к & в MHz а іс 
Package Type Min Max Min | mA Max mA mA Min mA 
NPN 
TO-18 2N6431 300 50 
TO-39 ММ8520 500 1000 
2М3439% 350 1000 40 20 0.5 50 10 
ММ421 325 1000 25 30 5.0 30 10 
2М3742 300 50 20 30 1.0 30 10 
2М5058 300 150 35 30 1.0 30 10 
ММ420 250 1000 25 30 5.0 30 10 
2N3440# 250 1000 40 20 0.5 50 10 
MM3003 250 50 20 10 10 
2N4927 250 50 20 30 2.0 30 10 
2N5059 250 150 30 30 1.0 30 10 
MM3002 200 50 20 10 10 
2N4926 200 50 20 30 2.0 30 10 
MM3009 180 400 40 10 20 
MM3001 150 200 20 10 10 
2N3114 150 200 30 30 1.0 50 30 
2N3500# 150 300 40 150 0.4 150 20 
2N3501# 150 300 100 150 0.4 150 20 
2N3712 150 200 30 30 2.0 50 30 
2N5682 120 1000 40 250 0.6 250 100 
MM3008 120 400 40 10 20 
2N657 100 30 200 4.0 200 
2N3498# 100 500 40 150 0.6 300 20 
2N3499# 100 500 100 150 0.6 300 20 
2N4924 100 200 40 150 0.4 50 20 
MM3007 100 2500 50 250 0.35 150 50 
2N5681 100 1000 40 250 0.6 250 100 
MM3006 80 2500 50 200 0.35 150 50 
2N4239 80 3000 30 250 0.3 500 100 
MM3005 60 2500 50 150 0.35 150 50 
2N656 60 — 30 200 4.0 200 
2N4238 60 3000 30 250 0.3 500 100 
2N4237 40 3000 30 250 0.3 500 100 
*JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. High-Voltage High-Current Amplifiers (continued) 


V(BR)CEO Ic VCE (sat) E | 
Device Volts mA ВЕРЕ (а lc Volts (a lc & Ip MHz а Ic 
Package Type Min Max Min mA Max mA mA Min mA 
PNP = 
TO-18 2N6433 1000 30 30 0.5 20 2.0 50 10 
2N6432 200 1000 30 30 0.5 20 2.0 50 10 
2N3497 120 0.35 10 1.0 150 20 
2N3496 0.3 10 1.0 200 20 
2М3743% 8.0 30 3.0 30 10 
@2N5416# 300 1000 30 50 2.5 50 5 15 10 
MM4003 250 500 20 10 5.0 10 1.0 — = 
2N4931# 250 500 20 20 5.0 10 1.0 20 20 
MM4002 200 500 20 10 5.0 10 1.0 — — 
2N4930# 200 500 20 20 5.0 10 1.0 20 20 
92М5415% 200 1000 30 50 2.5 50 5 15 10 
2М3637% 175 1000 100 50 0.5 50 5.0 200 30 
2М3636% 175 1000 50 50 0.5 50 5.0 150 30 
2М4929 150 500 25 10 0.5 10 1.0 100 20 
MM4001 150 500 20 10 0.6 10 1.0 — — 
2N3635# 140 1000 100 50 0.5 50 5.0 200 30 
2М3634% 140 1000 50 50 0.5 50 5.0 150 30 
2N3495 120 100 40 10 0.35 10 1.0 150 20 
2N5680 120 1000 40 250 0.6 250 25 30 100 
MM4000 100 100 20 10 0.6 10 1.0 — — 
MM5007 100 2000 50 250 0.5 150 15 30 50 
2N4928 100 100 25 10 0.5 10 1.0 100 20 
2N5679 100 1000 40 250 0.6 250 25 30 100 
ММ5006 80 2000 50 200 0.5 150 45 30 50 
2N3494 80 100 40 10 0.3 10 1.0 200 20 
2N4236 80 3000 30 250 0.6 1000 125 3 100 
2N4036 65 1000 40 150 0.65 150 15 60 50 
MM5005 60 2000 50 150 0.5 150 15 30 50 
2N4235 60 3000 30 250 0.6 1000 125 3 100 
2N4234 | 40 3000 30 250 0.6 1000 125 3 100 


#JAN/JANTX/JANTXYV available 


TABLE 5. General-Purpose Amplifiers 


These transistors are designed for dc to VHF amplifier applications, general-purpose switching applications, and complementary 


circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 


V(BR)CEO fT с 
Device Volts MHz (a lc mA ПЕЕ (a lc 
Package Type Min mA Max Min | Max mA 
NPN 
2N2896 90 120 50 1000 
2N3700# 80 80 1.0 1000 
2N2895 65 120 50 1000 
2N956 50 70 50 
2N2897 45 100 50 1000 
2N718 40 50 50 
2N2221A# 40 250 20 800 
2N2222A# 40 300 20 800 
2N3946 40 300 10 200 
2N3947 40 300 10 200 
2М2222% 30 250 20 800 
2М3302 30 250 50 500 
2N916* 10 m 
2N1711 50 
2N3019# 80 50 1000 
2N3020 80 80 50 1000 
2N1613# 50 60 50 500 
2N2193A 50 50 50 1000 
2N2270 Д 45 100 50 1000 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 5. General-Purpose Amplifiers (continued) 


V(BR)CEO 
Volts 


2N697 
2N2218A# 
2N2219A# 
2N3053 
2N2218# 
2N2219# 
2N3300 


TO-46 2N5581** 
2N5582"* 

TO-52 MM3903 
MM3904 


2N4026 
2N4027 
2N4028 
2N4029 
2N2906A# 
2N2907AT 
2N3250A# 
2N3251A# 
2N2906# 
2N2907# 
2N3250 
2N3251 
2N869 


MM5007 
ММ5006 
2М4031 
2N4033# 
2N4404 
2N4405** 
MM4036 
2N4036 
2N4037 
MM5005 
2N2904A# 
2N2905AT 
2N4030 
2N4032 
MM4037 
2N1131A 
2N1132A 
2N2904# 
2N2905# 
2N1132* 


TO-46 2N3485A** 
2N3486A** 


2N3673 
2N3486 


TO-52 MM3906 
MM3905 


*JAN available ""ЈАМ/ЈАМТХ available #JAN/JANTX/JANTXV available 


50 600 30 90 
50 40 120 
50 100 300 
50 75 225 
50 100 300 


10 200 100 10 
10 200 50 10 


50 
40 
40 
40 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 6. Choppers 


Devices are listed in decreasing V(BR)EBO- 


Offset Voltage On-State Resistance 

V(BR)EBO Min VEC(ofs Гес(оп) 

Package Device Min V(BR)ECO hFE(inv) | Max (mV) Max (0) 
TO-46 2N2946 40 35 3.0 2.0 45 
2N2946A 40 35 20 2.0 8.0 
2N5230 30 20 15 0.5 8.0 
2N5231 30 20 15 0.8 10 
2N2945A 25 20 30 1.0 6.0 
2N2945 25 20 4.0 1.0 35 
2N5229 15 10 15 0.5 6.0 


JAN/JANTX available 
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Multiple Small-Signal Transistors 


[ ыы тайса 


CASE 20-03 CASE 22-03 CASE 607-04 E CASE 610A-04 
TO-72 TO-18 


| CASE 632 | 


CASE 646 
14 
1 1 
The trend іп electronic system design is toward the use of іп- yond that, Motorola offers its entire vast repertoire of discrete 
tegrated circuits — to reduce component cost, assembly cost, small-signal transistors for multiple-device packaging. For spe- 
and equipment cost. But ICs still aren't all things to all people, cial applications where the devices in this brochure might not 
and for those circuit designs where ICs are not available, there quite fit the design requirements, special configurations can be 
is a noticeable swing towards the use of multiple devices.* supplied with quick turnaround time and at low premiums. 
Motorola is reacting to this expanding market requirement by 

making available a large selection of Quad, Dual, and Darlington *Multiple devices, as described here, encompass two or 
transistors for off-the-shelf delivery. The chips used in the Quad more transistor chips in a single package. Included in this def- 
and Dual transistors are those that have emerged as the most inition are the Darlington transistors which consist of two inter- 
popular ones for discrete transistor applications. But even be- connected devices functioning as a single-stage amplifier. 


Specification Tables 


The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote two 
different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 


Gp МЕ а f 
KEY мах | Мін ма 
hrE2| Max Min Max 
PE „ 
E е 
ТУРЕ NO. | iD | one ё|Уск-; | „С fy jeg] 9| 'er | = = |PACKAGE 
. One = 2 | Amp | PFE а | z ob | ns ns (saa — &l 5 |то- |с 
Die =| Уонз 2 | маг © S | Wiel ВР lice! Was | vakata dE d 
Only 4 е Min Min Max š | В | өү: 


JEDEC Outline/ 
Motorola Package 
Outline 


Common emitter 
OC Current Gain 


Gg - Power Gain 

NF Noise Figure 

f — Test Frequency 
AUD - 10-15k Hz 
Frequency Units 


Alphanumeric listing 
type numbers 


Identification Code 
151 Letter Polarity 


Units for test current 
А ` ampere 


H Hertz 
C — both types in m bn K kHz 
multiple device iis M MHz 
N – NPN G GHz 
P РМР VCE(sat) ` Collector Ertter Saturation Voltage 


2nd Letter, Use Іс Test Current 


A — General Purpose Amplifier Current Gain Bandwidth Current Units 
E — Low Noise Audio Amplifier Product e Ts 
F — Low Noise RF Amplifier A 


G — General Purpose Amplifier 
and Switch 


Н — Tuned ВЕЧЕ Amplifier 
M — Differential Amplifier 
S — High Speed Switch 


hFE1/hFE2 — Current Gain Ratio 
УВЕ — Differential Base Voltage IVBE1 — УВЕ?|. 
Differential Amplifiers 
fon turn-on time 


loft 


Continuous (DC) Collector Current 


Rated Minimum Collector-Emitter Voltage 
Subscript letter identifies base termination 
listed below in order of preference 
SUBSCRIPT 

О - VCEQ. open 


turn-off time 


Power Dissipation specified at 25°C Single 
die rating 

Ref Point А Ambient temperature 
C Case temperature 


Output Capacitance. common-base Shown without distinction. 
Ceb Collector Base Capacitance 
Cre - Common Emitter Reverse Transfer Capacitance 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


1-21 


MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors 


TYPE NO. 


MHQ918 
MHQ2221 
MHQ2222t 
MHQ2369 
MHQ2483 
MHQ2484 


MHQ2906 
MHQ2907+ 
MHQ34671 
MHQ3546 
MHQ3798 
MHQ3799 


MHQ4001A 
MHQ4002A 
MHQ4013tt 
MHQ4014 
MHQ6001 
MHQ6002 


MHQ6100 
MPQ918 
MPQ1000 
MPQ2221 
MPQ2221A 


MPQ2222 
MPQ2222A 
MPQ2369 
MPQ2483 
MPQ2484 
MPQ2906 
MPQ2906A 
MPQ2907 
MPQ2907A 


MPQ3303 
MPQ3467 
MPQ3546 
MPQ3725T 
MPQ3725A 
MPQ3762 


MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 


a VCE- 
Die Н Volts 
Only 


Subscript 


оооојоооооојооооооооојооооојоооооојоооооојоооооо 


ЇН, HX, and HXV Suffixes also available. 
tt MHQ4013 is electrically equivalent to MHQ3725. 


MOTOROLA SEMICONDUCTORS 


ПЕЕ @ Ic 


fr | Cob 
MHz | pF 
Max 

Typ* 


1-22 


dB dB 
Min Max 

Typ* 
УСЕ 10 
(sat) (а — 
Volts | Ів 
Max 


Gp МЕС f 


с |PACKAGE 


TO- |Case 
No. | No. 


Unit 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors (continued) 


NF 
Gp ав а! 
dB 
Min Max 


Typ* 


fr | Sop! 5 | tur | УСЕ Ic PACKAGE 

TYPE NO. n CE a MHz pF (satia — & lç TO- |Case 
Min Max Volts в | No. | No. 
Тур“ | Тур“ | "| Мах 


MPQ6001 
MPQ6002 
MPQ6100 
MPQ6100A 
MPQ6501 
MPQ6502 


MPQ6600 
MPQ6600A 
MPQ6700 
MPQ6842 
MPQ7041 
MPQ7042 
MPQ7043 


MPQ7051 
MPQ7052 
MPQ7053 
MPQ7091 
MPQ7092 
МРО7093 
MQ918 


MQ930 
MQ982 
MQ1120 
MQ1129 
MQ2218 
MQ2218A 
MQ2219 
MQ2219A 
MQ2369 
MQ2484 
MQ2904 
MQ2905A 
MQ3251 
MQ3467 


MQ3725 
MQ3762 
MQ3798 
MQ3799 
MQ3799A 
MQ6001 


MQ6002 
ма7001 
MQ7003 
MQ7004 
MQ7005 
MQ7007 


мо7021 
2N5146 
2N6501 


c oo 
ооООсооо 


оо 


olooooooolooooo 


ло |O @ O> о ©5 «л л (n єл O? «л л O> G | G) «лел «л лл л) |? O OY OY Кә фајл (л G) л 


оо 
зззззззз ззззззз ззззззз зззззз 


о 
==|=5090959|00900000 


РРРРРРРРР РР» 


Some columns show 2 different types of data indicated by either bold or /talic typefaces. See key and headings. 


TABLE 2. QUAD TMOS FETS (N CHANNEL) 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors 


ћЕЕТ|ДУВЕ | бр NF a f 
——| mv | dB dB 
һЕЕ2| Мах | Min Мах 


ton | Тон | VCE (с PACKAGE 

ns ns (sati @ — TO-| Case 

Мах | Мах Volts) Ip No | No. 
Мах | 


TYPE NO. 


Ref. Point 
< 
о 
m 


Subscript 


MD708 
MD708A 
MD708AF 
MD708B 
MD708BF 
MD708F 


MD918 
MD918A 
MD918AF 
MD918B 
MD918F,BF 
MD982,F 
MD984 


MD985 
MD985F 
MD986 
MD986F 
MD1120 
MD1120F 


MD1121 
MD1121F 
MD1122 
MD1122F 
MD1123 
MD1129 


MD1129F 
MD1130 
MD1130F 
MD1132 
MD2060F 
MD2218 


MD2218A 
MD2218AF 
MD2218F 
MD2219 
MD2219A 
MD2219AF 


MD2219F 
MD2369 
MD2369A 
MD2369AF 
MD2369B 
MD2369BF 
MD2369F 
MD2904 
MD2904A 
MD2904AF 
MD2904F 
MD2905 


ср === | eoo сл ot Q 
OS А» осоосо 


3331/2333333 ззззазз |3 33333 


to (o co to (o to to оо 


ооооо оооооо оо 


© to to to to 
HAM Nava а, 
сооооо|ооо 


РРРРРРРРРРРРРРР РРРРРР РРРРРР РРРРРРЈРРРРРРРЈРРРРРР 
оооооооојоооооојоооооојоооооојоооооојооооооооооооо 
ваза за а зава аза заз PISA II зеззаз ЕЕ ЕЕ Е 3 33358 


оооооо|оооооо |оооооо оодооо[оооооо |оооооојо 
с © © о O лт ол ол лол 67 лама 67 (плот Сл | 076 67 01010101 O N NN On [sN 


8.0 
8.0 
40 
40 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
40 
8.0 
8.0 
40 
4.0 
1.7 

15 
8.0 
8.0 
8.0 
8.0 
80 
80 
8.0 
8.0 
40 
4.0 
40 
4.0 
4.0 
40 
8.0 
8.0 
8.0 
8.0 
8.0 


Some columns show 2 different types of data indicated by either bold or /talic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


ВЕЕТ | УВЕ Ср NF G f 
— | mv | dB ав 
P ПЕЕ?) Max | Min Мах 
ры o š IT 
watts $|y 5) Ic ft | Cob| ton | оғ | УСЕ (с = | PACKAG 
TYPE NO. ID One = Kee. Amp | hFE @ Ic = | MHz pF ns ns (за/@ — & lc 5| то- с 
Die Ф oits > | Мах Min 2 Min Max | Max | Max Алы Ів | No.| No. 
Max 
MD2905A A| 600] 06 | 100 |150 т | 200 | 80 
MD2905AF PG 0.35 A| 600 0.6 | 100 |150 m 8.0 m 
MD2905F PG 0.35 A| 400 0.6 100 |150 m 8.0 m 
MD3250 PA 0.57 5| A40 O | 0.20 50 1.0m 6.0 m 
MD3250A PM 0.57 5| A40 O | 020 50 10 т 6.0 m 
MD3250AF | PM | 035 A| 40 O | 020 50 1.0m 6.0 m 
MD3250F PA 0.35 A| 400 | 0.20 50 1.0 т 6.0 m 
MD3251 РА | 0.575 A| 40 O | 020 | 100 | 10 m 6.0 m 
MD3251A | РМ | 0.575 A| 40 O | 020 | 100 | 10m 6.0 m 
MD3251AF | PM 0.35 А] 400 | 0.20 | 100 1.0m 6.0 m 
MD3251F РА | 0.35 A| 400 | 0.20 | 100 | 10 m 6.0 m 
MD3409 ММ | 0575 A| 300| 05 | 50 | 10m m 
MD3410 мм [0575 A| 300| 05 | 50 | 10m m 
MD3467 PS 0.60 A| 400 1:5 20 |500m m 
MD3467F Ps | ОЗБА| 400| 15 | 20 |500т m 
MD3725 № | 060 А| 400| 10| 50 |100 m m 
MD3725F NS 035 A} 400 1.0 50 |100 m m 
MD3762 PS | 0.60 А| 400] 15| 20 | 10A A 
MD3762F Ps | 0.35 A| 400] 1.5 | 20 | 10A A 
MD5000 PH 0.3 A| 150| 005 | 20 | зот M 
MD5000A PM 0.3 A| 15 О | 0.05 20 3.0 т м 
М050008 | РМ) ОЗА| 150 0.05 | 20 | 30m M 
MD6001 CG 575 А| ЗОО 0.5 40 |150т т 
MD6001F сс | 035A| 300| O5 | 40 |150m m 
MD6002 сс | 575 Aj 300 | 05 | 100 |150 m m 
MD6002F CG 035 A| 30 O 0.5 | 100 |150 m m 
MD6003 CA 575 A| 300 0.5 70 |150m m 
MD6003F СА | 0.35 A} 300| O5 | 70 |150 m m 
MD6100 CA 0.5 A| 450 | 005 | 100 | O.1 m m 
MD6100F СА | 0.35 A| 45 О | 0.05 100 0.1 т т 
MD7000 МА | 0.575 A| 300| 05 | 70 |150 m m 
MD7001 | РА 06А| 300| 0.6 | 70 |150 m т 
MD7001F РА | 6350 A| 300| 0.6 | 70 |150 m m 
MD7002 МА | 0575 A| 400 | 0.03 40 100 u m 
MD7002A ММ | 0.575 A| 40 О | 0.03 40 100 u m 
MD7002B | мм | 0.575 A| 400 | 003 | 40 | 100 u m 
MD7003 NA 0.55 A| 400 | 0.05 50 10 m m 
MD7003A | NM 0.55 A| 40 O | 0.05 50 10 m m 
MD7003AF | NM | 0.35 a| 400 | 005 | 50 | 10m m 
MD70038 | NM| 055 A| 400 | 0.05 | 50 | 10m m 
MD7003F МА | 0.35 А| 400| 005 | 50 | 10m m 
MD7004 NA 0.55 А 13 O 0.2 30 10 m m 
MD7004F МА | 0.35 А| 130] 02 | 30 | 10m m 
MD7005 РА | 055 А| 120 | 0.05 | 30 | 30m m 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


Gp NF с f 
mV dB dB 
Min Max 


H St f с t и l 
5|ү Ë с Т. ob | ‘on off GE #0 = | PACKAGE 
TYPE NO. ID One E eas Amp hrE @ Ic Е MHz pF ns ns (sau@— & lç 5| TO-| Case 
Die 5) “9133 | Max Min 5 Мт | Мах | Мах | Мах rem] ің | No | No 
Max 


MD7005F | РА | 035A 30 т m 610A 
MD7007 | РА | 0575 A 10т 0 m 654 
MD7007A | РМ| 0575 A Тот 0 |0.75 n 654 
MD7007B | РМ | 0575 A 18 5 o |0.85 йй 654 
MD7007BF | PM| 035 А 10m 0 085 р! 610A 
MD7007F PA 0.35 A 10 m 0 т 610A 
MD7021 CG 055 A 10 m 0 28" 72" т 654 
MD7021F CG O35A 10 m [9] 28* 72*” | „35 т 610A 
№08001 | NM| 0575 A 1.0 м 26: 15 654 
MD8002 NM| 0575 A 10 m 15 654 
MD8003 NM| 0575 A O 10m 15 654 
2м2060 | ММ| ОБА o 100 u 0.9| 5.0 H 654 
2N20600 | NM| 05А о 100 и 09| 30| 06 a 654 
2N2223 NM| ОБА о 100 u 08) 15| 12 "di 654 
2N2223A NM 05A о 100 u 0.9 5.0 | 7.2 т 654 
242453 NM| ОБА о 10 и 09| 30 H 654 
2N2453A | NM| ОБА 0 10 u 0.9| 3.0 H 654 
2N2480 NM| 034A O OE 0.8| 10 H 654 
2N2480A NM 03 A [9] 1.0m 0.8 5.0| 7.3 m 654 
2N2639 NM| ОЗА O 10 u 0.9| 5.0 654 
2426400 | NM! ОЗА о 10% o| ов 10 654 
2М2641 МЕ ОЗА о 10 и 8.0 654 
2N2642 NM ОЗА о 10 u 80 0.9 5.0 654 
2N2643 | NM| ОЗА о 10% 80| 08) 10 654 
242644 NE| ОЗА о 10% 80 654 
2М2652 мм ОЗА о 10т 15 | 0.85 3.0 | 1.2 654 
2М2652А мм ОЗА о 10 т 15 0.9 3.0 654 
2м2720 | NM) ОЗА о 01m 60| 09| 50| го 654 
2N2721 NM| ОЗА о ОЛ m 60| 08| 10| 70 654 
2N2722 NM 03A O 10u 60 0.9 5.0| 70 654 
2N2903 NM 06 C [9] 10 m 8.0 0.8 10 7.0 78] 654 
2№2903А | NM| 06С о 10m 80| 09 50 70 78| 654 
2N2913 NE| ОЗА о 10 u 60 4.0 654 
2N2914 NE| 03A о 10 и 60 3.0 654 
2N2915 NM| ОЗА О 10 и 60| 091 50 4.0 654 
2М2916 | NM| ОЗА о 10 u 60| 09| 50|  |30 654 
2N2917 NM| ОЗА о 10% 60| 08 10 4.0 654 
2М2918 мм ОЗА о 10 u 6.0 0.8 10 3.0 |AUD 654 
2N2919 NM| ОЗА % 10% 60| 0.9] 5.0 4.0 |AUD 654 
2N2920 | NM| ОЗА о 10 и 60| 09| 50 3.0 |AUD 654 
2N3043 NM 025 A [6] 10 u 80 0.9 5.0 5.0 |AUD 610A 
2N3044 NM 025 A О 10 u 80 0.8 10 15.0 |AUD 4 610A 
2N3045 МЕ | 025A о 10% 80 5.0 |AUD 610A 
2N3046 NM| 025A О 10% 80| 0.9| 50 5.0 AUD 610A 
2N3047 NM 025 A O 10 u BO 0.8 10 5.0 |AUD 610A 
2N3048 NE 025 A о 10 u 80 5.0 [AUD 610A 
2N3726 | "| 04А 450 10m | 200 80 0.9 5.0 4.0 1000 H 654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


ВЕЕТ | УВЕ Ср МЕ @ f 
— mv dB dB 
ПЕРЕ?! Max | Min Мах 


$ э 

20 

а 
Ref Point 

б 

= 

A 

о 

° 

с 


& t t Vez 4 

Ver. 8 on | tott СЕ lc = | PACKAGE 

TYPE NO. | ID | One E Атр | РЕЙС Е | MHz | pF | ns | ns | зајв— &iç 5 | TO-|Case 
Die a | Мах Mi 2 Min Max | Max | Max Volts| Ip No.| No. 
Only Ы Мах 


2М3727 А о у 10т 80 | 0.9| 2.5 4.0 |1000 H 

2N3806 PE 05 A| 600 | 005 0.1 т 100 | 4.0 7.0 | 100 H 

2N3807 PE 05 A| 600 | 0.05 0.1m 100 | 40 4.0 | 100 H 654 
2N3808 PM 0.5 A| 6001005 0.1 m 100 | 4.0 | 08) 5.0 7.0 | 100 H 654 
2N3809 PM 05 A| 600 | 0.05 0.1 m 100 | 40 | O.8| 5.0 4.0 | 100 H 654 
2N3810 | PM| ОБА | 600 | 0.05 0.1 m 100 | 40 | 0.9] 3.0 7.0 | 100 H 654 
2N3810A PM 05 A| 600 | 005 0.1 m 100 | 4.0 |0.95| 1.5 3.0 | 100 H 654 
2N3811 PM 0.5 A| 600 | 0.05 01m 100 | 4.0 | 09! 3.0 4.0 | 100 H 654 
2N3811A PM 05 A| 600 | 0.05 0.1 m 100 | 40 |0.95| 1.5 1.5 | 100Н 654 
2М3812 РМ O5 A| 60 O | 0.05 0.1 т 100 | 40 3.5 610A 
2N3813 PA 05 A| 600 | 0.05 0.1m 100 | 40 2.5 610A 
2N3814 PM 0.5 A| 600 | 005 0.1 т 100 | 4.0 | 0.8| 5.0 7.0 H 

2N3815 PM 05 A| 600 | 005 01 т 100 | 40 | 0.8| 5.0 4.0 H 

2N3816 PM 05 A| 600 | 0.05 0.1 т 100 | 40 | 0.9| 3.0 7.0 H 

2N3816A PM 0.5 A| 600 | 0.05 олт 100 | 40 |0.95| 1.5 7.0 H 

2N3817 PM 0.5 A| 60 O | 0.05 0.1m 100 | 40 | 0.91 3.0 4.0 H 

2N3817A PM 0.5 A| 600 | 005 0.1 m 100 | 40 |0.95| 1.5 4.0 H 

2N3838 CE 25 A| 400 0. 150 т | 200 | 80 50| 340 8.0 H 

2N4015 PM 04 А] 600 0:3 | 135 О т | 200 | 80| 091 5.0 4.0 H 

2N4016 PM 0.4 A| 600 0.3 | 135 От | 200 | 80| 0.9| 2.5 4.0 H 

2N4854 CE ОЗА 400 0.6 | 100 |150т | 200 | 80 60| 350 8.0 H 

2N4855 CE 03 A| 400 0.6 40 |150т | 200 | 80 60| 350 8.0 H 

2N4937 PM 0.6 A| 400 .05 50 | 10 т | 300 | 50 | 091 30 4.0 654 
244938 РМ 06 A| 400 .05 50 | 10 т | 300 | 50| 0.8| 5.0 4.0 654 
234939 РЕ 06 A| 400 05 50 | 10 т | 300 | 50 4.0 654 
2N4940 PM 06 A| 400 05 50 | 10 т | 300 | 50| 0.8| 5.0 4.0 610А 
2N4941 PM 06 A| 400 05 50 | 1.0 т | 300 | 50| 0.91 3.0 4.0 610A 
2N4942 PE 0.6 A| 400 05 50 | 10 т | 300 | 50 4.0 610A 
2N5793 NG 05 A| 400 0.6 40 |150 т | 200 | 80 45| 310 654 
2N5794 NG 0.5 A| 400 0.6 | 100 |150 m | 200| 80 45| 310 654 
2N5795 NG 0.5 A| 600 0.6 40 |150 т | 200 | 80 47| 140 654 
215796 NG 05 A| 600 0.6 | 100 |150 т | 200 | 80 47| 140 654 
236502 №5 0.6 A| 400 1.0 50 |100 m | 250 10 35 60 654 
2N6503 NS 0.6 A| 400 10 50 | 100m | 250 10 35 60 610A 


———————Ó———————— 
o 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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Field-Effect Transistors 


CASE 20-03 CASE 22-03 
TO-72 TO-18 
CASE 79-02 
TO-39 


CASE 27-02 
TO-52 


CASE 29-02 |) САЗЕ 29-03 
TO-92 TO-92 
1 WATT 
CASE 317-01 
Macro-X 


Motorola offers a line of field-effect transistors that encom- 
passes the latest technology and covers the full range of FET 
applications. Included here is a wide variety of junction FETs, 
MOSFETs (with P- or N-channel polarity with both single and 
dual gates) and TMOS FETs. These FETs include devices de- 
veloped for operation across the frequency range from dc to 
UHF in switching and amplifying applications. Package options 


from low cost plastic to metal TO-72 packages are available. 
The selector guides on the following pages are designed to 
emphasize those FET families and device types that, by virtue 
of widespread industry use, ease of manufacture and, conse- 
quently, low relative cost, merit first consideration for new equip- 
ment design. 


JFETs 9 
JFETs 
G P-CHANNEL 
TABLE 1. Switches and Choppers 
JFETs operate in the depletion mode. They are available in both P- and N- S 
channel and are offered in both metal and plastic packages. Applications include D 
general-purpose amplifiers, switches and choppers, and RF amplifiers and mixers. 
These devices are economical and very rugged. The drain and source are inter- 
changeable on many typical FETs. G N-CHANNEL 
P-Channel JFETs S 


Package 
TO- 


MPF970 100 


V(BR)GSS 
V(BR)GDO 


| 9 | 

| 92 [provi 
2N3993 

| 72  |2N3994 | 


2N3994A 


N-Channel JFETs 


MFE2012 10 
MFE2011 15 
2N4859A 


2N4856A 2 


MPF4856A 2 
2 


| 92 _— |MPF4859A 


5 
5 


SMALL-SIGNAL DEVICES 


MOTOROLA SEMICONDUCTORS 


FIELD-EFFECT TRANSISTORS (continued) 


TABLE 1. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


P V(BR)GDO 


Package M 

то- Device E MIN MAX 

18 40 | 10 

92 oo 40 | 10 

18 mum. | a 05 | 10 

18 Елана ЕСІН 10 | 40 | 10 

| 92 [238 | 30 1.0 — | (2 

[— wee Га | ча | me 

вю 3.0 | 10 

w w 2N3970 4.0 10 

EN MEME иштии иш иш mas 

Ты ws w. 20 | 60 

EK NAT Таре NN W 

| 92  |MPF4860A i | 

18 20 100 8 ити 

92 20 | 100 | 10 | 50 | 

92 | 4 | — | æ | по | 35 | 9o | 15 | 

18 o | 15 | — | 4 | w | 50 | з | eo | 

92 | zo | 15 | — | 4 | se | so | ss | eo | 

92 ша — m] wu | ње ario 35 10: | sot | 13: | эв! | 

18 __| МЕЕ200Б | so | 10 | -20 | -80 | 15 | — | -ao | 16 | so | ss | 60 | 

18 |мәә — — [| бо | 10 | 20 | so | 25 | 75 | 4o | 1:4 | 35 | 15 | 5 | 

92 __| ме? — — [| eo | +o | zo | so | 25 | 75 | д | 10 | 35 | 15 | 35 | 

18 __| гмавбва (| eo | 10 | ов | 40 | во | во | 40 | 10 | 35 | 16 | в | 

92 __| МРЕ4ВБВА — | 60 | 10 | ов | 40 | во | во | о | w | 35 | 16 | во | 

18 __| гмавета — — | e | — | ов | 40 | во | во | з | 10 | 35 | 16 | s | 

92 | MPF4861A | e | — | ов | 40 | во | во | з | t | 35 | 16 | во | 

92 255639 | e | 10 | — | во! | 25 | — | 3 | + | 4o | 14 | з | 

| 18 [мм — | бо | +o | 20 | so | 25 | 75 | 0 | zs | eo | so | eo | 

92 | MPF3971 | 6о | io | 20 | so | 25 | 75 | 40 | 25 | во | s | e | 
2N4858 | о | — | ов | 40 | во | 80 40 | 18 | во | 20 | 100 

NE NC NAME HNTURE HE EE HE BE ӘӘ шш T mk x 

а [men | eo | — | s | 4e | во | во | x | в | s» | 2 | we | 

е ew [е] ров ова s | к [ао ав 

| 18 |омоз __ | в | 10 | 10 | 50 | 8 | — | о | 16 | so | ве | во | 

| 92 Jupa — | s | 10 | 10 | so | во | — | 4 | 16 | so | в | во | 

| 18 |мғ 204 || 10 | -10 | -60 | | — | -3 | 16 | so | в | во | 

| 72 [wee __ | 10 | tov | — | 30 | — | 1 | 15 | 50 | 15 | — | — | 
|2N4309 — |1 | 10 | os | зо | so | 30 | 4o | + | 35 | 15 | 50 | 

| s2 __| МРЕ4ЗЗ — | 100 | 10 | os | зо | 50 | зо | 2 | 1 | 35 | 15 | ss | 

| 9 [25 | 100 | 10 | — | (во | 15 | — | 25 | 1 | 35 | 14 | зо | 

[ 9 [25 | o | 10 | — | о | so | — | æ [| to | 4o | 18 | 45 | 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 1. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


V(BR)GSS 

rds(on) VGS(oft) Ipss | VBR)GDO | Сіз | Crss | ton | юн 
@ (V) (mA) 

Package (Q) Ip (V) (pF) | (pF) | (ns) | (ns) 
TO- Device MAX | (pA) | MIN | MAX | MIN | MAX MIN MAX | MAX | MAX | MAX 
18 2N3972 | 100 1.0 0.5 3.0 5.0 30 40 25 6.0 80 100 
92 MPF3972 = | mm 1E | ns 3.0 5.0 30 40 25 6.0 80 100 
92 4113 100 10 0.5 3.0 2.0 = 35 10: | 50! 13t 35t 
92 BF246 — — 0.5 14 10 300 25 — — — — 
92 BF246A 35t 1.0 1.5 4.0 30 80 25 - E — — 
92  |BF246B 5ot 1.0 3.0 7.0 60 140 25 — — — - 
92 ВҒ246С 65! 10 5:5 120 | 110 250 25 - - - E 
92 J107 8 - 0.5 4.5 100 — 25 - – — — 
25 = — - -- 
25 - -- - — 
25 - - - — 


{ = typical 


TABLE 2. Low-Frequency/Low-Noise 


P-Channel JFETs 


V(BR)GSS 
V(BR)GDO 


Package 


MFE4009 
MFE4012 
2N5267/8 
2N3909 

MFE4007 


[| 
л 


ви 
о 


о 
о 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


P-Channel JFETs 


V(BR)GSS 
Ciss Crss V(BR)GDO 


Package 


TO- Device 


| 2N5465 |20 | 
| 72 [лю | 22 | 
| 72 |жәөӨ |22 


Re! Үр Re! Yos! Ciss | Crss | V(BR)GDO VGS(ott) 

Package (mmho) f f (pF) (pF) (V) 

TO- Device MIN | (MHz) (MHz) | (MAX) | MAX MIN MIN | MAX 

18 | 2N3370 оз | a 5 | m | z | so | 4 | — | з2 | | 65 | 

92 | МРР111 | os | 10 | 200 | 0 | — | — | [05 | 10 | 05 | 2 | 

92 — |J20: | os | 20 | to | 20 | sot | aot % | os | 15 | ог | 10 | 

2N3369 | oe | з | о | æ | æ | 30 | 4% | — | 65 | os | 25 | 

chew [эъ та | ак за | ва m |n] uu |o | | 
| 3 [мз | ов | 15 | 15 | 15 | 70 | 30 | 5 | 06 | 18 | os | 15 
[LR мыны — | | за L e Es [хр] 3.0 50 oe | 18 | os | 15 | 
| + [240 — — | os | 20 | so | зо | в | бо | 5 | — | 18 | 
| 38 [2948 — | ов | 20 | so | зо | в | бо | so | — | ea | 1.0 
| ve [mea — [| +o | ле | +o | + | | 20 | 30 | — | 4o | os | зо | 
| 3e  lwerao | то | + | so | 15 | во | 26 | 9 | — | 49 | 
| 72 [омада __ | +o | 15 | 0 | 15 | so | 20 | 30 | — | 40 | os | зо | 
| 92 [|MPraoa — | 10 | 15 | 10 | 15 | eo | 20 | 9 | | 40 | os | зо | 
| 72 [asas — | то | 15 | о | 15 | бо | 20 | 40 | os | 30 | os | 10 | 
| © |р [| 10 | 2 | 35 | 20 | sot | 20 | аю | ов | 4o | o9 | 45 | 
| 18 [oss — [10 | 30 | в | 30 | 20 | so | 4% | — | 115 | 20 | 12 | 
| 72 [25359 — — | 12 | 15 | 10 | 15 | во | | o8 | 40 | oe | 16 | 
| ia |жао — — | 13 | 15 | зо | 15 | то | зо | = | то | зо | 12 | зе | 
| 72 [2530 | 14 | 15 | ж | 15 | 60 | 20 40 ов | 40 | os | 25 | 
| ө [ansas — — | 15 | 15 | so | 15 | zo | зо | 2 | 10 | zo | 20 | so 
| 72 [м — [| 15 | 15 | 2 | 15 | so | 20 | 4 | 10 | во | 2s | so 
| se [uo | æ | 20 | At | 20 | sot | aot | до | 20 | 10 | 40 | 20 
| 18 [ам — | 15 | 2 | ж | 30 | в | so | so |- | за | ов | 40 
[| 72 [ав — — [| 15 | 15 | | 15 | бо | 30 | 9 | — | 40 | os | 25 
| 9 wea: =| 15 | 15 | 10 | 15 | 60 | з | so | — | 40 | os | 25 
| 18 __|гмаазу |15 | 20 | 30 | 18 | 5 | — | 48 | ов | 40 
| 92 |mas [|20 | 15 | so | 15 | т0 | 30 | æ [05 | во | 10 | so 
| 9 |маө — | 20 | 15 | so | 15 | zo | 30 | æ | 20 | во | 4o | 16 | 
| 72 [әмәл — | 20 | 15 | 15 | 60 | 20 30 - | so | 20 | во | 
t = typical 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


1-31 


FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


N-Channel JFETs 


Package 
TO- Device 


МРР4221 


2N4221A 


| 92 | MPFa2zia | 
| 722  |2N532 — | 
| 72 __| гмавгг | 


ШЕ penes Гао 


V(BR)GSS 
V(BR)GDO 


Ves 


(off) 


= typical 


NECEM — ee RM NEN 60 | 20 30 — | so 
| 72 __|глиггга | 25 | 15 | 4o | 15 | во | 20 30 — | 80 
[чеп | | 6 ач. 6.0 

[18 | 

| ә |2м600 | 30 | 15 | 

| 18 | — | 

2N4117 20 | 0.001] зо | | 06 | 18 

| 92 __| мре? | 2 [ооо зо | 10 | зо | 15 4 | oe | 18 | зо | 
2N4117A 70 |oo | зо | w | 30 | 15 | æ | oe | 18 | 30 | 90 | 
Ls ышы | m- emt s | 10 sp ыш. 40 бв | 18 | зо | 90 | 
| 72 |әмн C | во [oo | 50 | 0 | зо | 15 | 40 10 | 30 | 80 | 240 | 
ma EE masm MI IM EE RS maw m 40 10 | 30 | 80 | 240 | 
БЕРГЕНІ” [в (оо | so | то | 30 | 15 | БЕН | ro | 30 | во | 240 | 
| 92 __| МРЕ4118А | во [0.001 | 50 | 10 | 30 | 15 | 40 | 10 | 30 | в | 240 | 
| 72 zw: |10 [ооо 10 | 10 | зо | 15 | 40 | 20 | во | 200 | во | 
| 82 | МРЕ4119 m ою o m so | 15 Да | eo zoe 
| 72 [nma | 100 |о01) 10 | 10 | зо | 40 | 20 | во | 200 | 600 | 
Се Геник [в Тою | io [va [as [is Ге Tae T so [am Гео 
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MOTOROLA 


SEMICONDUCTORS 


FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs 


MOSFETs are available in either depletion/enhancement or enhancement mode 
(in general, depletion/enhancement devices are operated in the depletion mode and 
are referred to as depletion devices). They are available in both N- and P-channel, 
and both single gate and dual gate construction. Some MOSFETSs are also offered 
with input diode protection which reduces the chance of damage from static charge 
in handling. 


TABLE 2. Low-Frequency/Low-Noise (continued) 


P-Channel MOSFETs 


š 


Package 


TO- Device 


72 3N155 
3N156 
3N157 
3N155A 
3N156A 
3N157A 


3N158A 
MFE823 
MFE3003 


MFE825 
2N4351 


MOSFETs 


D 
Single Gate 
P-CHANNEL 
G Enhancement 
s 
D 
N-CHANNEL 
G Depletion 
N-CHANNEL 
G Enhancement 


MOTOROLA SEMICONDUCTORS 


1-33 


SMALL-SIGNAL DEVICES 


FIELD-EFFECT TRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers 


N-Channel JFETs 


V(BR)GSS 
Rel Үғѕ! Re Yos! V(BR)GDO|  VGS(oft) Ipss | 
" (у) (тА) 
Package (mmho) f (p. mho) (V) 
To= Device MIN _ | (MHz) | MAX MIN | MIN | МАХ | MIN | MAX 
92  |2N5669 16 | 100 | 100 25 | 10 | во | 40 | 10 
MPF108 16 | 100 | 200 | 5 | = | во | 15 | 2 | 
Ж СГ 16 | 100 | 200 25 | — | во | 20 | 20 
| 92 |2М3819 TAXE | = 25 - | во | 20 | 2 
| 92 |2М5668 100 | 50 25 02 | 40 | 10 | 50 
|—® — wen 17 200 30 ол | во | 20 | 20 
MPF4224 17 200 30 ол | во | 20 | 20 
2N5484 100 | 75 25 os | 30 | 10 | 5o 
72 | МЕЕ2000 25 |0.001| 50 -25 | -os| -04| 40 | 10 
92 | 2N5670 25 | 100 | 150 25 
92 | 2N5246 25 | 400 | 100 30 
200 | 200 ШЕ” 
92 |МРҒ4223 30 
| 92  |2М5485 25 
| 92 [305 30 
| 72 loas | 30 
30 
25 
-25 
30 
30 
| — 30 
30 
| зо 
| 30 
| о [434 | 42 | 400 | sot | 100 | sot | ost | aot | 400 30 
| 52 fusos | +o |0001) 150 | 100 | 50 | 25 | зо! | 450 25 
| 5 [usog | 0.001 | 150 | 100 | 50 | 25 | at 450 | 25 
| 52 [озо | 10 | 10 | 100 | 50 | 25 | э! 450 | 25 
| 92 [uos | 12: | 100 | 250 | 100 | 75 | 25 | 1st | 100 25 
| ә jj | 12: | 100 | 250 | 100 | 75 | 25 | 19 | 100 25 
Lm ume | wo | по | зак [wm za | 2 25 | 15 | 100 25 
| 72 |мЕЕЗО | 20 [ooi] — | — | 4 45 | 20 20 
| 72 [svi | 50 [оош] 500 | 200 | 70 | 028 ES 200 -80 


t = typical 


*N-Channel MOSFET 
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FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs (continued) 


D 
TABLE 4. Dual Gate MOSFETs MOSFETs 
; 2 d ы ежен Dual Gate 
These devices are especially suited for RF amplifier and mixer applications in TV N-CHANNEL 
tuners, radio, etc. The Dual Gate construction also allows easy AGC control with very G2 
low power. 
G1 
S 


V(BR)GSS 
V(BR)GDO 
(a (a (a 
Package f f (pF) | (dB) | RG = 1K (V) 
TO- (MHz) (MHz) MAX | МАХ | f (MHz) MIN 
|МЕЕ140 | 10 [0.001 | ESAE MB ча созо мю вю 
[MFes21 | 10 [0.001 | 40 | оо2| 35 | 20 | 10 | os | 20 | 50 | 20 | 
72 [м | 17 [oo| =| | — |o | 35 | 200 | +60 |-о2|-55| во | 40 | 
| M [мм | 17 [oor] | | [оо | 35 | 20 | +60 |-о2|-55| во | 40 | 
| zo [0001] | | — |ооз | 40 | 45 | 2 |-о2|-40| зо | 45 | 


[34206 | 
т [ama | 15 1000101 | |= [oo | 4o | 45 | «eo | 
[oot | — | [005 | 40 | 


| d | 
| 40 | 45 | 
[0.03 | 45 | 200 | 

| 43: | 003 | 45 | 200 | =60 |-o2|-so| 30 | 11 | 
| r2 [эмм | во [oo| | [45| 003 | «s | 20 | =60 [-o2|-so| eo | зо | 
| M [меш | во |00) | [49 | 003 | 45 | 20 | -60 |-o2|-so| eo | so | 
| r2 [30 | во |00) | [аз | 003 | 45 | 20 | =60 |-o2| -so| eo | 30 | 
| м __|мрего2 | во [oor] | [аз | 003 | 45 | 20 | -60 |-o2|-so| eo | зо | 
= wei -[ d Too - | | | 50 | во | =70 | — [-«4o| 50 | ao | 
| 72 [weno | во |00) [то [002 | so | 15 | =70 | — |-40| 20 | se | 
72 loon] | [70 oo | so | 105 | =70 | — [-«o| so | зо | 
72 | МғЕт22 [oo| | |70) | 20 | =70 | — | -40| 20 | зо | 
72 | во [o| | |70 | 20 | =70 | — [-40| 30 | зо | 
72__|MFe132__| | | |105) so | 20 | =70 | — [-40| зо | 20 | 
| 72 |зәм | 140 [oo| | | — |009 so | 40 | 5 | -o2| -40[ eo | xo | 


кш 
| 72 [azs | 10 [oo| | |— |ooa so | 400 | 25 |-о2|-40| eo | 30 | 
| r2 [39 | 59 |00) | [уто ооз eo | so | =70 | -o1| -40| 50 | 30 | 
| m [мези | 9 [oo| | [40 [003 | 35 | 20 | 2 [| 


t = typical M = Macro-X Package 
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FIELD-EFFECT TRANSISTORS (continued) 
Small-Signal TMOS 


TABLE 5. TMOS Power MOSFETs 
Power MOSFETs, Motorola trademark TMOS, are FET transistors with an oxide 


insulated gate which controls vertical current flow. TMOS р 
This basic description fits а number of structures and process titles including Vertical 
DMOS, HEXMOS, TMOS, UMOS, Vertical MOS, and VMOS. 
There are subtle parametric tradeoffs with these different products but they all N-GHANNEL 
exhibit higher input impedance, faster switching, enhanced thermal stability, and G 
easier paralleling than bipolar transistors. In addition, they have lower "on" resistance 
and higher power handling capability than conventional horizontal MOSFETs or As 
JFETs. 
N-Channel 


гаѕ(оп) Vas(t/h) V(BR)DSS 


Package 
TO- 


MFE930 
MPF930 
MFE960 


MPF960 


39 MFE990 
92 MPF990 


92 BS107 
BS170 

MPF910 
MPF6659 
MPF6660 
MPF6661 


| s | 
| @ | 
ШЫ 
| эз |2мө9 (| 


2М6660 


2М6661 


226AE | MPF1010 — | — 
39 __| MFE910 


t = typical 


GaAs FETs 


TABLE 6. GaAs Dual Gate Field-Effect Transistors 


The GaAs Dual Gate FETs listed here are for low noise and high gain receiver amplifier and mixer applications. 


Noise Figure 
155$ МЕ f Ip 
Device Type | (mA) Vds dB MHz mA V(BR)DSX Package 
50 5.0 


1:2" 1000 10 10 
а“ 1000 10 


MRF966 
MRF967 


"Typ 
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RF Small-Signal Transistors 


CASE 654-02 
(TO-78) 


ШЕ Е ai 


ча 
! ^ 1 
CASE 20-03 CASE 22-03 CASE 26-03 / CASE 31A-01 CASE 79-02 CASE 79-03 
(TO-72) (TO-18) (TO-46) (TO-39) 
27 
À | 
CASE 244A-01 CASE 249-05 CASE 303-01 $ CASE 305-01 

(TO-117) 

CASE 305A-01 ы CASE 317-01 CASE 317A-01 ~ CASE 358-01 

x ' Macro-X Macro-T 


CASE 714-02 


Motorola's small-signal, low power RF transistor product range 
includes transistors with gain-bandwidths of 1.0 GHz to 8.0 GHz 
operating at currents of 0.25 mA to over 140 mA. 

These devices are available in a wide variety of package 
types; metal can, plastic Macro-X and Macro-T, hermetic ce- 
ramic and microminiature. Most of these transistors are fully 


Typical Gain-Bandwidth Product versus Collector Current 


т, GAIN-BANDWIDTH PRODUCT — GHz 
о-о Q + O N = 


o 


ji | | 


10 15 20 30 150 


Ic. COLLECTOR CURRENT — mA 


25 
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characterized with y or s parameters; and in addition, there are 
non-saturated switching characteristics, low power driver spec- 
ifications, and noise figure limits. QPL types with JAN, JTX and 
JTXV processing levels are available as well as Hi Rel pro- 
cessing to meet unique customer requirements. 


RF Small-Signal Transistors 


Motorola small-signal and medium power RF transistors with 
gain-bandwidth products from 1.0 GHz to 8.0 GHz operate with 
currents from 0.25 mA to over 140 mA. The following chart, 
combined with the tables of package options, enables the circuit 
designer to select the optimum device from Motorola’s wide 
range of transistor/package combinations. 


2N3866, 2N3866A, MM8000 10 2М4957, 2N4958, 2N4959, PNP 
2N5160, MM4018, PNP 11 MRF931 

2N3948, 2N4427, MRF207 12 2М6603, BFR90, MRF901, MRF904 
2N5109, 2N5943, MM8001, MM8002 13 2N6604, BFR91, MRF911, MRF914 
2N5583, PNP 14 BFR96, MRF961, MRF962, MRF965 
2N5836, 2N5837 15 BFW92A 

MRF511, MRF517, MRF525 16 MRF559 


MRF580, MRF581, MRF586, MRF587 
MRF571, MRF572, MRF573 
MRF536, MRF534, MM4049, PNP 


2N2857, 2N3839, 2N5179, 
MRF501, MRF502 
2N6304, 2N6305, BFX89, BFY90 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. UHF and Microwave Oscillators 


The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of limited 
range transmitters. Devices are listed in order of increasing output power. 


Test Conditions Pout f 
f Усс ту/ MHz 
Device Type MHz Volts Min Typ Package 


2N5179 500 10 20 1800 TO-72 
— 

2N2857 500 | 10 30 L 1800 TO-72 

2N3839 500 6.0 30 1800 TO-72 


ММ8009 1680 20 200 1400 ТО-39 
2М5108 1680 20 300 1400 ТО-39 


MRF905 1680 20 500* 2200 TO-46 
2N3866 400 15 1000 1000 TO-39 


"Typical 


TABLE 2. GaAs Dual Gate Field-Effect Transistors 


The GaAs Dual Gate N-Channel FET's listed here are for low noise and high gain receiver amplifier and mixer applications. 


| ws | Noise Figure Gain pm P4dB 
PT 
Device Type Vds V(BR)DSX mW Package 


*Typical 


TABLE 3. Low-Noise Transistors 


The low-noise devices listed are produced with carefully controlled гь’ and fT to optimize device noise performance. Devices listed 
in the matrix are classified according to noise figure performance versus frequency. 


NF Frequency MHz 

dB 60 100 200 450 1000 | 200 | Polarity 

15 2N5829 2N5829 
2N5031 2N5031 MRF904 MRF571 MRF572 
2N4957 2N4957 2N5829 
2N5032 2N5032 2N5031 MRF904 MRF901 
2N4958 2N4958 
2N5032 2N5032 


2N4957 2N5829 PNP 

2N5032 2N5031 MRF901 MRF572 NPN 

pe 2N6603 MRF573 NPN 

2N4959 2N4959 2N4958 2N4957 2N5829 PNP 
2N2857 2N2857 2N5032 2N5032 MRF901 2N6603 NPN 
2N6604 NPN 


3.5 2N4959 2N4959 2N4959 2N4958 2N4957 
2N5179 2N5179 2N2857 2N5032 2N5031 MRF901 
2N4959 2N4959 2N4959 2N4959 2N4958 
2N5179 2N5179 2N5179 2N2857 2N5031 2N6604 
4.5 2N4959 2N4959 2N4959 2N4959 2N4959 
2N5179 2N5179 2N5179 2N2857 2N5032 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. CATV, MATV, and Class A Linear Transistors 


The devices listed below are excellent for Class A linear CATV/MATV applications and are listed according to increasing gain- 
bandwidth (fr). More information concerning the device for your specific linear design needs can be obtained through your local 
Motorola Sales Office or Motorola distributor. 


Nominal Test Noise Figure Distortion Specifications E 
Conditions fT 
Device УСЕЛС MHz Max/Freq. 

Type Volts/mA Min dB/MHz Package 
MRF502 65 800 4.07200 | _ | Te | 
2N5179 65 900 4.5200 | [| тол | 
2N6305 5/10 1200 5.5/450 | те | 
BFX89 5/25 1200 6.5/500 [| [| moz | 
2N5109 15/50 1200 3.0"/200 | | Toa | 
2N5943 15/50 1200 3.4/200 | +5 | TO39 | 
2N6304 510 1400 4.5/450 || Toz | 
MRF511 2080 | 1500 | 7320 | [+50 | 244401 | 
26947 2075 
MRF517 1560 
BFW92A 52 ИШИ 
МВЕ586 1470 | 4500 | 3050 -50 -72 —— +50 TO-39 
armo — | ом | өс | esso | | | зла | 
веет | 5% | sov | 1950 | | (| [ато | 
are | 105 | sov | sos | |  — |  — J| f omo | 

| war: — | оо | sov | oso | J | | | 
MRF962 1050 soo | 2050 | | | ss | 
MRF965 1050 өс | 2050 | J J | | 04 | 
MRF581 ю | 50007 | зобоо | | -s | +s | это | 
"Тур 


TABLE 5. High-Speed Switches 


The transistors listed below are for use as high-frequency current-mode switches. They are also suitable for RF amplifier and oscillator 
applications. The devices are listed in ascending order of collector current. 


Device Type 


2N3959 
2N3960 
2N5835 
MM4049* 


MRF914 
2N5842 
2N5841 
2N5943 


2N5583* 
2N5836 
2N5837 


“Typ 


“PNP 


Test 
Conditions 
ІС/УСЕ 
mA/Volts 


4500** 
1700 
2200 
1200 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Class C Amplifiers 


The transistors listed in these tables are specified for operation in Class C RF power amplifier circuits. The tables are arranged by 
increasing frequency of operation first, then by increasing output power. The first table contains those devices specified at 12.5 Vdc, 
while the following table contains devices specified at 28 Vdc. 


Device Frequency Pin Pout Gpe Voltage Case 
Type (MHz) (w) (w) dB (V) Outline 
27 0.05 0.5 10.0 125 
MRF8004 27 0.35 35 10.0 125 TO-39 
MRF402 50 0.1 1.0 10.0 12.5 TO-39 
MRF229 90 0.15 15 10.0 12.5 TO-39 
MRF230 90 0.15 | 15 10.0 12.5 
MRF604 175 0.1 1.0 10.0 12.5 | _ 7046 
2N4427 175 0.1 1.0 10.0 12.0 TO-39 
MRF607 175 0.12 175 115 12.5 TO-39 
| 2М6255 | 175 0.5 3.0 78 12.5 TO-39 
MRF237* 175 0.25 40 120 12.5 TO-39 
MRF207 | 220 0.15 1.0 8.2 12.5 TO-39 
MRF225 225 018 | 15 9.0 12.5 TO-39 
225 0.13 3.0 13.5 12.5 TO-39 
400 0.25 1.0 6.0 13.6 TO-39 
2N6256 470 0.1 0.5 7.0 12.5 249-5 
MRF515 470 0.12 0.75 8.0 12.5 TO-39 
MRF581 [ 470 0.05 12 13.8 
470 0.32 20 — | 8.0 12.5 TO-39 
MRF626 470 0.05 0.5 10.0 12.5 305-1 
470 oos | os | оо | 98 | За 
MRF628 470 0.05 0.5 10.0 12.5 249-5 
MRF630 470 0.25 3.0 10.8 
MRF559 870 | os | 0.5 9.0 12.5 
MRF581 870 0.12 1.0 9.2 12.5 317-1 


TABLE 7. High-Voltage Class C Amplifiers 


Device Frequency i Voltage Case 
Type (MHz) (V) Outline 


175 
400 


400 


2N5160T 400 
MRF313 
MRF313A | 400 


*Grounded Emitter TO-39 
ТРМР 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Small-Signal Amplifier Transistor Selection by Package 

In small-signal RF applications the package style is often determined by the end application, or circuit construction technique. To 
aid the circuit designer in device selection, below are listed the Motorola broad range of RF small-signal amplifier transistors organized 
by package. Devices for other applications such as oscillators or switches are shown in the appropriate preceding tables. 


TABLE 8. TO-39 METAL CAN 


Gain — BW Noise Figure Gain Maximum Ratings 
fT Ic NF f Ic dB f V(BR)CEO Ic 
Device Type MHz mA Min MHz У 
MM8000 10 11.4* 200 30 


ММ8001 


10 11.4 200 


MRF517 2.7 60 7.5 300 50 10* 300 3 


MRF586 4.5 70 3.0 500 70 14* 500 
tGrounded Emitter TO-39 “Тур ""V(BR)CBO 


TABLE 9. Plastic — SOE — Case 317-01/317A-01 


Noise Figure 


Maximum Ratings 


Device Type 
MRF931 
MRF559 
BFW92A 
MRF901 
BFR96 4.5 50 2.0* 500 12 500 15 100 


Lwne | as | 9 | = | 
BFR9O 50 | 1 | 24 
| BFR8! | 50 | 30 | 19 500 2.0 16" 500 12 35 


MRF536'* 
"Тур “РМР 


TABLE 10. Ceramic -- SOE — Case 244А-01, 303-01, 358-01 


Gain — BW Noise Figure Gain Maximum Ratings 
fT Ic NF f Ic dB f 
Device Type GHz mA dB MHz mA Min MHz V(BR)CEO V 


WEE NM 
| 2N609 | 18 
| 
30 25 100 | 50 14 1000 12 ша 
MRF572 8.0 50 


“Тур 


[^] 


+ 
e 
o 


= 
о 
© 
N 
сл 
о 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 11. TO-72 METAL CAN 


BFX89 
BFY90 


Gain — BW 


Noise Figure 


Gain 


Device Type 
2N5031 1.0 5.0 2.5 450 1.0 
2N5032 1.0 5.0 3.0 450 1.0 
2N4958* 1.0 2.0 3.3 450 2.0 
2N4959* 1.0 2.0 3.8 450 2.0 
2N5829* 1.2 2.0 2.5 | 450 2.0 
2N4957* 1.2 2.0 3.0 450 2.0 
MRF501 1.2 5.0 4.0 200 1.5 
MRF502 1.2 5.0 40 200 1.5 
2N6305 1.2 10 5.5 450 2.0 


Maximum Ratings 


V(BR)CEO 
у 
14 450 10 20 200 
14 450 10 20 200 
16 450 30 30 200 
15 450 30 30 200 
17 450 30 30 200 
17 450 30 30 200 
15" 200 15 50 200 
15“ 200 15 50 200 
12 450 15 50 200 


2М5179 : Д 12 50 200 
2436304 1.4 10 4.5 450 2.0 15 450 15 50 200 
243839 1.6 8.0 3.9 450 1.5 12.5 450 15 40 200 
2N2857 1.6 8.0 4.1 450 1.5 12.5 450 15 40 200 
MRF904 4.0 15 15 450 5.0 16 450 15 30 200 
MRF914 4.5 20 2.0 500 5.0 15 500 12 40 200 
*PNP “Typ 


RF Amplifier Modules 


The devices listed below are general purpose RF hybrid amplifiers, which feature input and output impedance matching and dc 
biasing networks for simplified RF amplifier design. 


TABLE 12. General-Purpose 50 €) — 100 © Wideband Modules 


Device Type 
MHWS590 


MHW591 


MHW592 1.0-250 


MHW593 


Frequency 


Range 
MHz 


10-400 
1.0-250 


32.5/34 
35/36.5 


Output Level 
1 dB Compression 
mW/f (MHz) 


800/200 
700/100 


34.5/36 


900/100 
600/200 


TABLE 13. TO-39 Wideband, 50 € Modules 


The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain lineups. 
Construction techniques include thin film gold metal circuitry and hermetic TO-39 package. MWA devices processed for military 
applications are available to special order. 


MWA130 


MWA220 


MWA310 0.1-1000 


MWA320 
MWA330 


Output Level 
1 dB Compression 
dBm Typ 


Frequency Gain Supply 
Range dB Voltage 
Device Type MHz Vdc 
MWA110 0.1-400 
MWA120 0.1-400 


Noise Figure 
(a 250 MHz 
dB 


Noise Figure 
(400 MHz) 
dB Typ 


0.1-600 


0.1-1000 
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SMALL-SIGNAL DEVICES 


RF SMALL-SIGNAL TRANSISTORS (continued) 


High Reliability RF Transistors 


The listed devices are active per QPL-19500 (Qualified Prod- 
ucts List). Check with your local Motorola Sales Office or fran- 
chised Distributor for current qualification status and additions. 


Transistor Complements 


The transistor complements listed are suitable for most ap- 
plications requiring NPN and PNP devices of similar RF char- 
acteristics. If your application demands special matching of com- 


plementary transistors, please contact your local Motorola Sales 


2N2857JAN 2N4957JAN Office or Motorola distributors. 

2N2857JTX 2N4957JTX 

2N2857JTXV 2N4957JTXV NPN PNP 
2N3553JAN 2N5109JAN 2N2857 2N4958 
2N3553JTXV 2N5109JTXV eed MES 
2N3866JAN 2N6603JAN — на 
2N3866JTX 2N6603JTX 2N3959, 2N3960 2N4260, 2N4261 
2N3866JTXV 2N6603JTXV 2N3906JAN MM4261H 
2N3866AJAN 2N6604JAN 2N5943 2N5583 
2N3866AJTX 2N6604JTX MRF531 MRF532 
2N3866AJTXV 2N6604JTXV 

кемен | мо ММ409 | MM4049 
2N3960JTX MRF571 MRF536 
2N3906JTXV 
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Devices for Hi-Rel Applications 


Motorola offers over 650 devices listed in QPL-19500, and is certified to supply small-signal bipolar devices to ALL FOUR quality levels 
of MIL-S-19500: JAN, JANTX, JANTXV, and JANS. 


The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products List. 


Switching and High-Frequency Transistors 


2N703 АМ... 
2N706 JAN . . 
2N708 АМ ЛХ... 


2N718A JANJTXJTXV ....... - 


2N869A JAN,JTX .. 

2N914 JAN,JTX 

2М916 JAN ........ 
2N918 JAN,JTX,JTXV,JANS. 
2N930 JAN,JTX 

2N1132 JAN. ...... 
2N1613 JAN,JTX,JTXV 
2N2218 JAN,JTX,JTXV . . . 
2N2218A JAN,JTX,JTXV 
2N2219 JAN,JTX,JTXV . 
2N2219A JAN,JTX,JTXV . 
2N22219AL JANS 

2N2221 JAN,JTX,JTXV . 
2N2221A ЈАМ,ЈТХ,ЈТХУ 
2N2222 JAN,JTX,JTXV 
2N2222A JAN,JTX,JTXV,JANS 
2N2369A JAN,JTX,JTXV,JANS . 
2N2481 JANJTX . . 
2N2904 JAN,JTX,JTXV 
2N2904A JAN,JTX,JTXV 
2N2905 JAN,JTX,JTXV 
2N2905A JAN,JTX,JTXV 
2N2905AL JANS. . . 
2N2906 JAN,JTX,JTXV 
2N2906A JAN,JTX,JTXV 
2N2907 JAN,JTX,JTXV ... 
2N2907A JAN,JTX,JTXV,JANS 
2N2944A JAN,JTX,JTXV 
2N2945A JAN,JTX,JTXV . 
2N2946A JAN,JTX,JTXV 
2N3013 JANJTX .... 
2N3019,S JAN,JTX,JTSV 


RF Transistors 


2N918 JAN,JTX,JTXV,JANS . 
2N2857 JAN,JTX,JTXV ..... 
2N3375 JAN,JTX,JTXV .. 
2N3553 JAN,JTX,JTXV 
2N3866 JAN,JTX,JTXV 
2N3866A JAN,JTX,JTXV ... 


Multiple Devices 


MIL-S-19500 


2N2060 JAN,JTX,JTXV 
2N2919 JAN,JTX,JTXV . 
2N2920 JAN,JTX,JTXV 
2N3810 JAN,JTX,JTXV 
2N3811 JAN,JTX,JTXV . 
2N4854 JAN,JTX,JTXV . 
2N5793 JAN,JTX,JTXV . 
2N5794 JAN,JTX,JTXV . 
2N5795 JAN,JTX,JTXV . 
2N5796 JAN,JTX,JTXV 
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^^ 341 
_. 1398 


398 


MIL-S-19500 
153 2N3250A JAN.JTX.JTXV . 
120 2N3251A JAN,JTX.JTXV 
312 2N3253 JAN . ux 
181 2N3444 ЈАМЈТХ . . 
283 2N3467 ЈАМ,ЈТХ,ЈТХМ 
373 2N3468 JAN,JTX,JTXV | 
271 2N3485A ЈАМЈТХ. ..... 
301 2N3486A JAN,JTX. . 
253 2N3498 JAN,JTX,JTXV 
177 2N3499 JAN,JTX,JTXV . . 
181 2N3500 JAN,JTX,JTXV 
251 2N3501 JAN,JTX,JTXV 
251 2N3506 JAN,JTX,JTXV 
251 2N3507 JAN,JTX,JTXV 
251 2N3634 JAN,.JTX,JTXV 
2N3635 JAN,JTX,JTXV 
255 2N3636 JAN,JTX,JTXV 
255 2N3637 JAN,JTX,JTXV 
255 2N3700 JAN,JTX,JTXV 
225 2N3735 JAN,JTX,JTXV 
317 2N3737 JAN,JTX,JTXV 
268 2N3743 JAN,JTX,JTXV 
290 2N3762 JAN,JTX,JTXV 
2N3763 JAN,JTX,JTXV 
290 2N3764 JAN,JTX,JTXV 
290 2N3765 JAN,JTX,.JTXV 
i 2N4033 JAN JTXJTXV 
291 2М4261 ЈАМ,ЈТХ ЈТХУ 
291 2N4405 JAN,JTX,JTXV 
291 2N4449 JAN JTXJTXV 
291 2N4453 JAN,JTX 
2N4930 ЈАМ,ЈТХ,ЈТХМ 
2N4931 JAN,JTX,JTXV 
2N5581 ЈАМ,ЈТХ 
287 2N5582 JAN,JTX 
391 
MIL-S-19500 
. 1301 2N3959 JAN,JTX,JTXV 
343 2N3960 JAN,JTX.JTXV 
2N4957 JAN,JTX,JTXV 
2N5109 JAN,JTX,JTXV 
2N6603 JAN,JTXV 


2N6604 JAN,JTXV .. 


Field-Effect Transistors 


2N2608 JAN 
2N2609 JAN ... 
2N3330 JAN,JTX . 


2N3821 JAN.JTX.JTXV сл 


2N3822 JAN JTXJTXV .. 


2N3823 JAN.JTXTXV сл 


2N4856 JAN,JTX,JTXV 
2N4857 JAN,JTX,JTXV ... 
2N4858 JAN,JTX.JTXV . 

2N4859 JAN,JTX.JTXV . 
2N4860 JAN,JTX,JTXV ..... 
2N4861 JAN,JTX,JTXV .. 
2N4091 JAN,JTX,JTXV 
2N4092 JAN,JTX,JTXV 
234093 JAN,JTX,JTXV 


MIL-S-19500 


SMALL-SIGNAL DEVICES 


CASE 29-02 
TO-92 


CASE 29-03 
1 WATT TO-92 


Motorola's small-signal TO-92 plastic transistors encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding ap- 
plications. The popular high-volume TO-92 package combines 
proven reliability, performance, economy and convenience to 
provide the perfect solution for industrial and consumer design 
problems. 

As an additional service to our customers Motorola will, upon 
request, supply the following: 

e Radial tape and reel 


ө Axial tape and reel 
ө TO-5 lead forming 


€ TO-18 lead forming 
Contact your Motorola representative for ordering information. 
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Plastic-Encapsulated 
Small-Signal Transistors 


2N3903 


2N3904 MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 29-02, STYLE 1 Collector-Base Voltge 
TO-92 (TO-226AA) Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


*Total Device Dissipation (« Tc = 25°C 
Derate above 25°C 


1.5 
12 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE *THERMAL CHARACTERISTICS 
TRANSISTOR Characteristic 


Thermal Resistance, Junction to Case 


L | Thermal Resistance, Junction to Ambient | Раја | 20 | 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


*Indicates Data in addition їо ЈЕРЕС Requirements. 


—55 to +150 


Characteristic Symbol 


Min Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 — Vdc 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 60 — Vde 
(Ic = 10 дАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc 
(IE = 10 рАчс, Ic = 0) 
Base Cutoff Current IBL — 50 nAdc 
(МСЕ = 30 Мас, Veg = 3.0 Мас) 
4 | 
Collector Cutoff Current ІСЕХ — 50 nAdc 
(УСЕ = 30 Мас, Veg = 3.0 Мас) 
ON CHARACTERISTICS 
DC Current Gain(1) ПЕЕ = 
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 2N3903 20 — 
2N3904 40 = 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N3903 35 — 
2N3904 70 — 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 2N3903 50 150 
2N3904 100 300 
(с = 50 mAdc, Vcg = 1.0 Мас) 2N3903 30 — 
2N3904 60 — 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 2N3903 
2N3904 


Collector-Emitter Saturation Voltage(1) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


VCE(sat) 


VBE(sat) 


H"H H 
ІСІ 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N3903 
2N3904 


MOTOROLA SEMICONDUCTORS 
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MHz 


SMALL-SIGNAL DEVICES 


2N3903, 2N3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance 
(Vcg = 5.0 Мас, lg 
Input Capacitance 
(УВЕ = 6.5 Мас, ic 1.0 MHz) 


Input Impedance hie 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3903 
2N3904 


1.0 MHz) 


Voltage Feedback Ratio 
(с = 1.0 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) 2N3903 


2N3904 


ll 


Small-Signal Current Gain 
(с = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 


2N3904 


Output Admittance hoe 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Noise Figure NF 
(с = 100 uAdc, Vcg = 5.0 Vdc, Rg = 1.0 k ohms, 2N3903 
= 10 Hz to 15.7 kHz) 2N3904 


SWITCHING CHARACTERISTICS 


22124 Тіте (Усс = 3.0 Мас, МВЕ = 0.5 Мас, 


Fall Time 


(Усс = 3.0 Мас, Іс = 10 mAdc, 2N3903 
ІВ1 = ІВ2 = 1.0 mAdc) 2N3904 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


10 < t, < 500 us — ti = +30 У 
DUTY CYCLE = 2% жән 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


300 ns 
DUTY CYCLE = 2% 


05у 0 


-91У-- 


= e < L0 ns 


*Total shunt capacitance of test jig and connectors 


TYPICAL TRANSIENT CHARACTERISTICS 
— Tj = 25°C ---T,- 125°C 


FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA 
- АНА 
d LII LE 
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: ім ЕЕ 
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200 
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SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N3903, 2N3904 


FIGURE 5 — TURN-ON TIME 


sm ~ HH 
aS si 


TIME (ns) 
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FIGURE 7 — STORAGE TIME 


t’,, STORAGE TIME (ns) 


5.0 
10 20 30 50 70 10 20 30 


50 70 100 200 
lc, COLLECTOR CURRENT (mA) 


FIGURE 6 — RISE TIME 


Усс = 40V 
їс/1в = 10 4 


t,, RISE TIME (ns) 


5.0 
10 20 30 50 70 10 20 30 
1с, COLLECTOR CURRENT (mA) 


FIGURE 8 — FALL T 
~ = ТТТ 
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ty, FALL TIME (ns) 
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50 ЕЕЕ 

1.0 20 30 5070 10 20 30 50 70 100 200 
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
УСЕ = 5.0 Мас, TA = 25°C, 


FIGURE 9 
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MOTOROLA SEMICONDUCTORS 


Bandwidth = 1.0 Hz 


FIGURE 10 
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SMALL-SIGNAL DEVICES 


2N3903, 2N3904 


h PARAMETERS 
(Vcg = 10 Vdc, f = 1.0 kHz, TA = 25°C) 


FIGURE 11 — CURRENT GAIN FIGURE 12 — OUTPUT ADMITTANCE 
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hie, INPUT IMPEDANCE (k ohms) 


hye. VOLTAGE FEEDBACK RATIO ІХ 10 * 
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TYPICAL STATIC CHARACTERISTICS 
FIGURE 15 — DC CURRENT GAIN 


hre, pC CURRENT GAIN (NORMALIZED) 


3.0 50 70 
Іс. COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3903, 2N3904 


FIGURE 16 — COLLECTOR SATURATION REGION 


Үсе, COLLECTOR EMITTER VOLTAGE (VOLTS) 


0 
0.01 0.00 0.03 0.05 0.07 0.1 0.2 0.3 05 07 10 20 30 50 70 10 
Ig, BASE CURRENT (тА) 


FIGURE 18 — TEMPERATURE COEFFICIENTS 
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V, VOLTAGE (VOLTS) 
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MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


MAXIMUM „== 2N3905 
was w 2N3906 


Collector-Emitter Voltage УСЕО 40 


Collector-Base Voltage 


Emitter-Base Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation (а Ta = 60°C 


Total Device Dissipation @ Tc = 25°C 1.5 
Derate above 25°C 12 


Operating and Storage Junction —55 to + 150 
Temperature Range 


*THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
____________ — ———— [sma | ма [ме | ок | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 дАдс, Ic = 0) 


Base Cutoff Current IBL 
(VcE = 30 Мас, УВЕ = 3.0 Мас) 
Collector Cutoff Current 
(УСЕ = 30 Мас, Мве = 3.0 Мас) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(1С = 0.1 mAdc, Vcg = 1.0 Мас) 2N3905 
2N3906 


(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 2N3905 
2N3906 


(lc = 10 mAdc, Vcg = 1.0 Мас) 2N3905 
2N3906 


(с = 50 mAdc, Vcg = 1.0 Мас) 2N3905 
2N3906 


100 mAdc, Vcg = 1.0 Мас) 2N3905 
2N3906 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 тАдс) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 2N3905 
2N3906 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3905, 2N3906 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Max | 


Input Capacitance 
(VBE = 0.5 Мас, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Smali-Signal Current Gain 
(Ic = 1.0 mAdc, ҮСЕ = 10 Мас, f = 1.0 kHz) 


Output Admittance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(с = 100 дАдс, Vcg = 5.0 Мас, Rg = 1.0 k ohm, 
f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


(1) Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


30V 
ы we 1.0 ns 275 


+05V | 


< 4.0 pF* 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


Delay Time (Vcc = 3.0 Мас, МВЕ = 0.5 Vdc 


(Усс = 3.0 Мас, Іс = 10 mAdc, 2N3906 
Fall Time ІВ1 = ІВ2 = 1.0 mAdc) 2N3905 
2N3906 


FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


=> |-<10 -3.0 V 


-10.6 V — 10 < t, < 500 us 


DUTY CYCLE = 2% 


н 300 ns I 
DUTY CYCLE = 2% 7 


+ 


*Total shunt capacitance of test jig and connectors 


TRANSIENT CHARACTERISTICS 
— T, = 25°C --- Т, = 125°C 


FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA 


0, CHARGE (pC) 
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\ 
\ 
° 


N 


01 02 03 05 07 10 
REVERSE BIAS (VOLTS) 


20 30 5070 10 20 30 50 10 20 30 507010 20 30 50 70 100 200 
іс. COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N3905, 2N3906 


FIGURE 5 — TURN-ON TIME FIGURE 6 — FALL TIME 
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AUDIO SMALL SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
Vcg = 5.0 Мас, TA = 25°C, 


FIGURE 7 — Bandwidth - 1.0 Hz FIGURE 8 — 
=== IT иа П | — ғ 12 
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ға = 

= 3.0 P = x 

= SOURCE RESISTANCE = 2000 E 

а Ic = 0.5 тА = во 

$n = МУ | 
ы = 40 NOx 

= 
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ата 2: || | 


0 
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f, FREQUENCY (kHz) R,, SOURCE RESISTANCE (k ohms) 


h PARAMETERS 
(Ve = 10 Мас, f = 1.0 kHz, T, = 25°C) 


FIGURE 9 — CURRENT GAIN FIGURE 10 — OUTPUT ADMITTANCE 


e. DC CURRENT GAIN 


Noe, OUTPUT ADMITTANCE (mhos) 


hi 
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Ic, COLLECTOR CURRENT (mA) Іс. COLLECTOR CURRENT (mA) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3905, 2N3906 


FIGURE 11 — INPUT IMPEDANCE 


w 
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hie, INPUT IMPEDANCE (k ohms) 


h,e. VOLTAGE FEEDBACK RATIO (X 10 *) 


05 07 10 
Іс. COLLECTOR CURRENT (тА) 


FIGURE 12 — VOLTAGE FEEDBACK RATIO 
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Ic, COLLECTOR CURRENT 


STATIC CHARACTERISTICS 


FIGURE 13 — DC CURRENT GAIN 
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hee, DC CURRENT GAIN (NORMALIZED) 
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FIGURE 14 — COLLECTOR SATURATION REGION 


Усе, COLLECTOR EMITTER VOLTAGE (VOLTS) 
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MOTOROLA SEMICONDUCTORS 
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SMALL- 


SIGNAL DEVICES 


2N3905, 2N3906 


FIGURE 15 — “ON” VOLTAGES FIGURE 16 — TEMPERATURE COEFFICIENTS 
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M. 4 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N4123 
2N4124 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation (а Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg - 55 to +150 
Temperature Range 


GENERAL PURPOSE THERMAL CHARACTERISTICS 


TRANSISTOR р ts u 


NPN SILICON 


Thermal Resistance, Junction to Case 83.3 
Thermal Resistance, Junction to Ambient | °w | w 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 


= 
V(BR)CEO Vdc 
(Ic = 1.0 mAdc, ЈЕ = 0) 


2N4123 30 — 
2N4124 


Collector-Base Breakdown Voltage 


V(BR)CBO 


(с = 10 „Adc, ЈЕ = 0) 2N4123 40 
2N4124 
Emitter-Base Breakdown Voltage V(BR)EBO 
(lp = 10 дАдс, Іс = 0) 


Collector Cutoff Current 
(Усв = 20 Мас, lg = 0) 


Emitter Cutoff Current ЕВО — 50 nAdc 


(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


(сво — 50 nAdc 


[Гумми ынын RR m 
DC Current Gain(1) ПЕЕ = 
(с = 2.0 mAdc, Vcg = 1.0 Мас) 2N4123 50 150 
2N4124 120 360 


(с = 50 mAdc, Vcg = 1.0 Мас) 2N4123 
2N4124 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 50 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 2N4123 
2N4124 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 100 MHz) 


Input Capacitance 


(УВЕ = 0.5 Мас, Ic = 0, = 100 kHz) 


Collector-Base Capacitance 
ЧЕ = 0, Vcg = 5.0 V, f = 100 kHz) 
Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N4123 
2N4124 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4123, 2N4124 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic Symbol 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 2N4123 
2N4124 3.0 — 


10 V, f — 1.0 kHz) 2N4123 
10 V, f = 1.0 kHz) 2N4124 


(с = 2.0 mAdc, МСЕ 
(Ic = 2.0 mAdc, VcE 
Noise Figure 
(Ic = 100 Adc, МСЕ = 5.0 Мас, Rs = 1.0 kohm, 2N4123 
Noise Bandwidth — 10 Hz to 15.7 kHz) 2N4124 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


ІСІ 


FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES 
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NOISE FIGURE 
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FIGURE 3 — FREQUENCY VARIATIONS Ses ts bie FIGURE 4 — SOURCE RESISTANCE 
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2N4123, 2N4124 


h PARAMETERS 
Vee = 10 V. f = 1 kHz, T, = 25°C 


FIGURE 5 — CURRENT GAIN 


hye. CURRENT GAIN 


іс. COLLECTOR CURRENT (mA) 


FIGURE 7 — INPUT IMPEDANCE 
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hye, VOLTAGE FEEDBACK RATIO (X 10 >) 


Nog, OUTPUT ADMITTANCE (тоз) 


FIGURE 6 — OUTPUT ADMITTANCE 
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FIGURE 8 — VOLTAGE FEEDBACK RATIO 
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STATIC CHARACTERISTICS 
FIGURE 9 — DC CURRENT GAIN 
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FIGURE 10 — COLLECTOR SATURATION REGION 
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FIGURE 11 — "ON" VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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2N4125 
2N4126 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTORS 


== 


PNP SILICON 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 


Collector-Base Breakdown Voltage (lc = 10 дАдс, 


Emitter-Base Breakdown Voltage 
Collector Cutoff Current 
Emitter Cutoff Current 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 2.0 тАдс, Vcg = 1.0 Мас) 


(с = 50 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(св = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Noise Figure 
(Ic = 100 „Адс, VcE = 5.0 Мас, Rg = 1.0 k ohm, 
Noise Bandwidth — 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width < 300 usec, Duty Cycle = 


MOTOROLA SEMICONDUCTORS 


(Ic = 1.0 mAdc, Ip = 0) 


(IE = 10 „Adc, lc = 0) 
(Vcg = 20 Мас, ЈЕ = 0) 
(УВЕ = 3.0 Мас, с = 0) 


MAXIMUM RATINGS 


Rating Symbol | 2N4125 | 2N4126 


Collector-Emitter Voltage 


Collector-Base Voltage | VcBO | 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation (а TA 
Derate above 25°C 


Total Device Dissipation (а Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 


2N4125 
2N4126 


2N4125 
2N4126 


Е = 0) 


2N4125 50 150 
2N4126 120 360 
2N4125 


2N4126 


VCE(sat) 


MHz 


2N4125 
2N4126 


2N4125 
2N4126 


2N4125 
2N4126 


2N4125 
2N4126 


2.0%. 
SMALL-SIGNAL DEVICES 
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2N4125, 2N4126 


FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES 
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2N4125, 2N4126 


ћи. INPUT IMPEDANCE (kO) 
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FIGURE 7 — INPUT IMPEDANCE FIGURE 8 — VOLTAGE FEEDBACK RATIO 
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STATIC CHARACTERISTICS 
FIGURE 9 — DC CURRENT GAIN 
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FIGURE 10 — COLLECTOR SATURATION REGION 
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2N4125, 2N4126 


FIGURE 11 — “ON” VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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2N4264 
2N4265 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage 


2N4264 | 2N4265 


Emitter-Base Voltage 
Collector Current — Continuous 


200 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation (« Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


625 


—55 to +150 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 Adc, IE = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 
Base Cutoff Current 
(МСЕ = 12 Мас, Уев(оН) = 
(УСЕ = 12 Мас, VEB(off) = 
Collector Cutoff Current 
(Vcg = 12 Мас, VEB(off) = 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 


0.25 Vdc) 


0.25 Vdc) 


(С = 10 mAdc, Vcg = 1.0 Мас) 


(Ic = 10 mAdc, Vcg = 1.0 Мас, Ta = —55°C) 


(Ic = 30 mAdc, Vcg = 1.0 Мас) 


100 mAdc, МСЕ 


(с = 1.0 Vdc)(1) 


200 тАйс, Vcg = 1.0 Vdc)(1) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 100 mAdc, lp = 10 mAdc)(1) 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc)(1) 


" | 


MOTOROLA SEMICONDUCTORS 


0.25 Vdc, TA = 100°C) 


Symbol Min Max 
V(BR)CEO 
2N4264 15 = 
2N4265 12 = 
V(BR)CBO 20 = 
V(BR)EBO 6.0 = 
IBEV 
— 0.1 
- 10 
ІСЕХ = 100 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


VCE(sat) 


VBE(sat) 


nAdc 


SMALL-SIGNAL DEVICES 
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2N4264, 2N4265 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Ма | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(св = 5.0 Мас, lg = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


(Усс = 10 Мас, Уев(он) = 2.0 Мас, 
ІС = 100 mAdc, въ = 10 mAdc) (Fig. 1, Test Condition C) 


Vcc = 10 Мас, (Ic = 10 mAdc, for ts) 
(Ic = 100 mA for tr) 
ІВ1 = 182 = 10 mAdc) (На. 1, Test Condition C) 


(Vcc = 3.0 Vdc, VEB(off) = 1.5 Vde, 
ІС = 10 mAdc, |81 = 3.0 mAdc) (Fig. 1, Test Condition A) 


(Vcc = 3.0 Vde, lc = 10 mAdc, 
ІВ1 = 3.0 mAdc, |82 = 1.5 mAdc) (Fig. 1, Test 


Condition A) 


Rise Time 


Storage Time 


Fall Time 


Turn-On Time 


Turn-Off Time Е 


Storage Time (Vcc = 10 Vdc, lc = 10 mA 
ІВ1 = Ів2 = 10 mAdc) (На. 1, Test Condition А) 

Total Control Charge (Усс = 3.0 Мас, [С = 10 mAdc, lg = mAdc) (На. 1, Test 
Condition B) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 


Усс 


2--/----|-- 20-|--|-- 


Уев(ен) 
wl «2ns 


PULSE WIDTH (ti) = 300 ns DUTY CYCLE = 2% 
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2N4264, 2N4265 


CURRENT GAIN CHARACTERISTICS 


FIGURE 2 — MINIMUM CURRENT GAIN 
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TIME ——> 


NOTE 1 


When a transistor is held in a conductive state by a base current, 
1ь, a charge, Qs, is developed or ‘‘stored’’ in the transistor. Q; may be 
written: Q; = Q, + Qy + Ох. 

Q, is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Qy is 
the charge required to charge the collector-base feedback capacity. 
Qx is excess charge resulting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor “оп” to the edge of sat- 
uration is the sum of Q, and Qy which is defined as the active region 
charge, 0,. = lat, when the transistor is driven by a constant cur- 


1 
rent step (1) and In < < р. 
FE 


If |; were suddenly removed, the transistor would continue to con- 
duct until Q; is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina- 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Q;, of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con- 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Q, from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
С = Q,/ AV, where ДУ is defined in Figure 3. 
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2N4264, 2N4265 


“ОМ” CONDITION CHARACTER 


FIGURE 5 — COLLECTOR SATURATION RE 
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ISTICS 
GION 


FIGURE 6 — SATURATION VOLTAGE LIMITS FIGURE 7 — TEMPERATURE COEFFICIENTS 
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DYNAMIC CHARACTERISTICS 


FIGURE 8 — DELAY TIME 
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ta, DELAY TIME (ns) 
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FIGURE 10 — STORAGE TIME 


ts, STORAGE TIME (ns) 


Іс, COLLECTOR CURRENT (mA) 


FIGURE 12 — JUNCTION CAPACITANCE 
10 
eet ЕТ ТЕГАД 
ELI LI 


CAPACITANCE (pF) 


0.2 05 
REVERSE BIAS (Vdc) 


20 5.0 10 


FIGURE 9 — RISE TIME 
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FIGURE 11 — FALL TIME 


ty, FALL TIME (ns) 
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С 13 — MAXIMUM CHARGE DATA 
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2N4400 
MAXIMUM RATINGS 2N4401 


Rating Symbol Value 
Collector-Emitter Voltage 40 CASE 29-02, STYLE 1 


Collector-Base Voltage VCBO 60 mE TO-92 (TO-226AA) 
Emitter-Base Voltage VEBO 6.0 
Collector Current — Continuous Ic 600 
Total Device Dissipation (а Ta = 25°C Pp 625 


Derate above 25°C 


Total Device Dissipation (а Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —55 to +150 


Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 
——————— 22-5-. 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 


(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.1 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ip = 0.1 тАас, Іс = 0) 


Base Cutoff Current IBEV 
(VcE = 35 Vdc, Veg = 0.4 Vdc) 


Collector Cutoff Current ІСЕХ = 
(УСЕ = 35 Vdc, Veg = 0.4 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain ПЕЕ = 
(с = 0.1 mAdc, Vcg = 1.0 Мас) 2N4401 20 - 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 2N4400 20 — 
2N4401 40 m 
(Ic = 10 mAdc, МСЕ = 1.0 Мас) 2N4400 40 — 
2N4401 80 = 
(с = 150 mAdc, Vcg = 1.0 Мас) 2N4400 50 150 


2N4401 


(с = 500 mAdc, Vcg = 2.0 Мас) 2N4400 
2N4401 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 150 mAdc, lg = 15 mAdc) 


(Ic = 500 mAdc, IB = 50 mAdc) 
Base-Emitter Saturation Voltage 
(С = 150 mAdc, lg = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N4400 
2N4401 


VBE(sat) 


Collector-Base Capacitance 
(Усв = 5.0 Мас, lg = 0, = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Мах | Unit | 


Emitter-Base Capacitance Ceb — 30 pF 
(УВЕ = 0.5 Мас, Ic = 0, f = 100 kHz) 
Input Impedance hie k ohms 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N4400 0.5 7.5 
2N4401 1.0 15 
Voltage Feedback Ratio hre 0.1 8.0 x 10-4 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Small-Signal Current Gain Ме — 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N4400 20 250 
2N4401 40 500 
Output Admittance hoe 1.0 30 umhos 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, Veg = 2.0 Мас, 


(Усс = 30 Мас, Іс = 150 тАас, 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
| " +30 V | | T— +30V 
== 1.0 to 100 us, — e E қ 
+16 V DUTY CYCLE = 2.0% +16 V DUTY CYCLE = 2.0%. ni^ 
0 0 
-20V "Се < 10 рЕ - 14 V 
- = < 2.0 ns i -= 
— Scope rise time < 4.0 ns 
*Total shunt capacitance of test jig connectors, and oscilloscope 
TRANSIENT CHARACTERISTICS 
25°C ------ 100°C 
FIGURE 3 — CAPACITANCES FIGURE 4 — CHARGE DATA 
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2N4400, 2N4401 


FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE AND FALL TIMES 
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SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE 
УСЕ = 10 Мас, TA = 25°C 
FIGURE 9 — FREQUENCY EFFECTS Bandwidth — 1.0 Hz FIGURE 10 — SOURCE RESISTANCE EFFECTS 
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2N4400, 2N4401 


h PARAMETERS 
VCE = 10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relation- selected from both the 2N4400 and 2N4401 
ship between hfe and other “h” parameters lines, and the same units were used to de- 
for this series of transistors. To obtain these velop the correspondingly numbered curves 
curves, a high-gain and a low-gain unit were on each graph. 
FIGURE 11 — CURRENT GAIN FIGURE 12 — UNPUT IMPEDANCE 
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FIGURE 15 — DC CURRENT GAIN 
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2N4400, 2N4401 


FIGURE 16 — COLLECTOR SATURATION REGION 
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2N4402 


2N4403 MAXIMUM RATINGS 

| Rating — | Symbol | Маше | Unit | 
Collector-Emitter Voltage | Мсео | __40 | Vd | 

Е E міс | 


Emitter-Base Voltage VEBO Vde 


Collector Current — Continuous | d | 60 | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW^C 
Operating and Storage Junction TJ, Тада | —55 to +150 е 
Temperature Range 
GENERAL PURPOSE THERMAL CHARACTERISTICS 


TRANSISTOR | Characteristic | Symbol | | Мах | 
PNP SILICON Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Raa | 20 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Га йе | et | № | Me | UK | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 1.0 mAdc, lg = 0) V(BR)CEO 


40 
Collector-Base Breakdown Voltage (lc = 0.1 mAdc, lg = 0) V(BR)CBO 40 


Emitter-Base Breakdown Voltage (lg = 0.1 mAdc, Ic = 0) V(BR)EBO 
Base Cutoff Current (Vcg = 35 Vdc, Мве = 0.4 Vdc) IBEV 
Collector Cutoff Current (Vcg = 35 Vdc, УВЕ = 0.4 Vdc) ІСЕХ 
ON CHARACTERISTICS 


DC Current Gain 


(с = 0.1 тАдс, Vcg = 1.0 Мас) 2N4403 
(с = 1.0 mAdc, Vcg = 1.0 Vdc) 2N4402 30 
2N4403 60 - 
(с = 10 mAdc, Vcg = 1.0 Мас) 2N4402 50 = 
2N4403 100 = 
(с = 150 mAdc, Vcg = 2.0 Vdc)(1) 2N4402 50 150 
2N4403 100 300 
= 500 mAdc, Vcg = 2.0 Vdc)(1) Both 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(с = 150 mAdc, Ів = 15 mAdc) — 0.4 


(С = 500 mAdc, IB = 50 mAdc) 0.75 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 0.75 
(с = 500 mAdc, Ів = 50 mAdc) = 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 


0.95 


Collector-Base Capacitance 
(Vcg = 10 Мас, lg = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 140 kHz) 


Input Impedance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
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2N4402, 2N4403 


ELECTRICAL CHARACTERISTICS ees (Ta = 25°C unless otherwise noted.) 


GO LS cz 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, Усе = 10 Мас, f = 1.0 kHz) 2N4402 
2N4403 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 30 Vdc, МВЕ = 2.0 Мас, 
ІС = 150 mAdc, вт = 15 mAdc) 
(Vcc = 30 Мас, Іс = 150 mAdc, 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUIT 
FIGURE 1 — TURN ON TIME FIGURE 2 — TURN OFF TIME 
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2N4402, 2N4403 


FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE TIME 
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FIGURE 7 — STORAGE TIME 
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2N4402, 2N4403 


h PARAMETERS 
Vee = 10 Мас, f = 1 kHz, ТА = 25°C 


This group of graphs illustrates the relationship be- 2N4402 and 2N4403 lines, and the same units 
tween ћу, and other "'ћ'' parameters for this series were used to develop the correspondingly- 
of transistors. To obtain these curves, a high-gain numbered curves on each graph. 

and a low-gain unit were selected from both the 
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STATIC CHARACTERISTICS 


FIGURE 14 — DC CURRENT GAIN 
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2N4402, 2N4403 


Усе, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VOLTAGE (VOLTS) 


FIGURE 15 — COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 


| Rating _________ Symbol |2N4409 |2N4410 | Unit | 

| Collector-émitter Voltage — | Vceo | 50 | во | ме 

| Collector-Base Voltage — — — — | Vcgo | 80 | 120 | № | 

| Emitter-Base Voltage | Мево | 50 | vd | 
| 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction T Tstg —65 to +200 °G 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2N4409 
2N4410 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N5550 for graphs. 


x станове | Sa | ма | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 1.0 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 500 мАас, УВЕ = 5.0 Мас, ВВЕ = 8.2 kohms) 


Collector-Base Breakdown Voltage 
(Ic = 10 „Adc, ЈЕ = 0) 


Collector Cutoff Current 


V(BR)CEO 


V(BR)CEX 


V(BR)CBO 


80 
120 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 
pAdc 


(Vcg = 60 Мас, ЈЕ = 0) 
(VCB = 60 Мас, lp = 0, Ta = 100°C) 
(Vcg = 100 Vdc, ЈЕ = 0) 
(Vcg = 100 Vdc, lg = 0, Ta = 100°C) 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (Іс = 1.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage (Іс = 1.0 mAdc, Ів = 0.1 mAdc) 
Base-Emitter Saturation Voltage (Іс = 1.0 mAdc, lg = 0.1 mAdc) 
Base-Emitter On Voltage (lc = 1.0 mAdc, МСЕ = 5.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 10 mAdc, МСЕ = 10 Мас, f = 30 MHz) 


Collector-Base Capacitance 


(Усв = 10 Мас, lg = 0, f = 140 kHz, emitter guarded) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 140 kHz, collector guarded) 


VBE(sat) 
VBE(on 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) fr = |hfel * ftest. 
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MOTOROLA SEMICONDUCTORS 


2N5086 
2N5087 


MAXIMUM RATINGS 
С ты әне | Мін [nt 
сынлы" ко | o f ve 
|соеаогавеутие — | veso | 
immerem Vot — | veso | № | 
[сонет Current — Continuous — | i | % | made | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


x Characteristic ______ Symb | Max | Unit | 
Thermal Resistance, Junction to Case | Рас | 128 | "см | 
Thermal Resistance, Junction to Ambient RaJA(1) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Г — Gwewém 7 $m | Me | Me | uw | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) 

Collector Cutoff Current IcBO 
(Vcg = 10 Мас, Ip = 0) 
(Усв = 35 Мас, IE = 0) 

Emitter Cutoff Current nAdc 
(УВЕ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 „Adc, Vcg = 5.0 Мас) 2N5086 
2N5087 


(С = 1.0 тАдс, Vcg = 5.0 Мас) 2N5086 
2N5087 


(с = 10 тАдс, Vcg = 5.0 Vdc)(2) 2N5086 
2N5087 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 500 Adc, Vcg = 5.0 Мас, f = 20 MHz) 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 100 kHz) 


Small-Signal Current Gain 


(с = 1.0 mAdc, VcE = 5.0 Мас, f = 1.0 kHz) 2N5086 
2N5087 
Noise Figure 
(Ic = 20 џАдс, Vcg = 5.0 Мас, Rg = 10 k ohms, 2N5086 
f — 10 Hz to 15.7 kHz) 2N5087 
(Ic = 100 „Адс, Vcg = 5.0 Мас, Rg = 3.0 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5086, 2N5087 


TYPICAL NOISE CHARACTERISTICS 
(МСЕ = 5.0 Мас, TA = 25°C) 


FIGURE 1 — NOISE VOLTAGE FIGURE 2 — NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(МСЕ = 5.0 Мас, TA = 25°C) 


FIGURE 3 — NARROW BAND, 100 Hz FIGURE 4 — NARROW BAND, 1.0 KHz 
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FIGURE 5 — WIDEBAND 


Noise Figure is Defined as: 


|| 


referred to the input (Figure 4) 
= Boltzman's Constant (1.38 x 10-23 j/OK) 
Temperature of the Source Resistance (°K) 
S = Source Resistance (Ohms) 
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2N5086, 2N5087 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) hee, DC CURRENT GAIN 


V, VOLTAGE (VOLTS) 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 6 — DC CURRENT GAIN 
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FIGURE 7 — COLLECTOR SATURATION REGION 
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FIGURE 9 — “ON” VOLTAGES 
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Ic, COLLECTOR CURRENT (тА) 


oy, TEMPERATURE COEFFICIENTS (mV/°C) 


FIGURE 8 — COLLECTOR CHARACTERISTICS 
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FIGURE 10 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


2N5086, 2N5087 
TYPICAL DYNAMIC CHARACTERISTICS 
FIGURE 11 — TURN-ON TIME FIGURE 12 — TURN-OFF TIME 
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2N5086, 2N5087 


FIGURE 17 — THERMAL RESPONSE 
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FIGURE 18 — ACTIVE-REGION SAFE OPERATING AREA 
ш = Ге | 


The safe operating area curves indicate |с-МСЕ limits 
of the transistor that must be observed for reliable oper- 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon TJ(pk) = 150°C; 
Tc or TA is variable depending upon conditions. Pulse 
| curves are valid for duty cycles to 10% provided TJ (pk) = 
150°C. T j(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi- 


Ty = 150°C 

! | | 
20|—— — — — CURRENT LIMIT 
LL — — — THERMAL LIMIT 
——— SECOND BREAKDOWN LIMIT 


Ic, COLLECTOR CURRENT (mA) 
= 
e 


10 i tations will reduce the power that can be handled to 
- + values less than the limitations imposed by second break- 
| T down. (See AN-415A). 


2.0 40 &0 80 10 20 40 
УСЕ, COLLECTOR-EMITTER VOLTAGE 


FIGURE 19 — TYPICAL COLLECTOR LEAKAGE CURRENT DESIGN NOTE: USE OF THERMAL RESPONSE DATA 


A train of periodical power pulses can be represented by 
the model as shown in Figure 19A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find 20)д(4), multiply the value obtained from 
Figure 19 by the steady state value Rg JA. 
Example: 
The MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 

t1 = 1.0 ms, t2 = 5.0 ms (D = 0.2) 

Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 

T = r(t) хР(рк) x ВОЈА = 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 


Ic, COLLECTOR CURRENT (nA) 


-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +16 
TJ, JUNCTION TEMPERATURE (°C) 
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MAXIMUM RATINGS 


[Rating | Symbol |2М5088 | 2N5089| Unt | 
| Collector-Emitter Voltage | Усео | 30 | 25 | У | 
| Сойеског-Ваве Voltage | сво | 35 | з | ме | 


УЕво 


Emitter-Base Voltage 


1 


Collector Current — Continuous іс 


Total Device Dissipation @ Ta = 25°C Pp mW 
Derate above 25°C ту//С 
Total Device Dissipation @ Тс = 25°C Pp Watt 
Derate above 25°C mW^C 
Operating and Storage Junction TJ, Tstg —55 to +150 °С 
Temperature Range 
THERMAL CHARACTERISTICS 


[Characteristic — — | “Symbol | Max | ume | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RaJA(1) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (lc = 1.0 mAdc, Ів = 0) 2N5088 
2N5089 


Collector-Base Breakdown Voltage (lc = 100 „Adc, lg = 0) 2N5088 
2N5089 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) 2N5088 
(Vcg = 15 Мас, ЈЕ = 0) 2N5089 


Emitter Cutoff Current (VEB(off) = 3.0 Мас, lc = 
Мев(он) = 4.5 Мас, Іс = 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 uAdc, VcE = 5.0 Мас) 2N5088 
2N5089 


0) 
0) 


(С = 1.0 mAdc, Vcg = 5.0 Мас) 2N5088 
2N5089 


= 10 тАас, Vcg = 5.0 Vdc)(2) 2N5088 
2N5089 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 10 mAdc, Vcg = 5.0 Vdc)(2) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Ic = 500 „Adc, Vcg = 5.0 Мас, Е = 20 MHz) 
Collector-Base Capacitance 

(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N5088 
2N5089 


Noise Figure 
(С = 100 „Adc, Vcg = 5.0 Мас, Rg = 10 kohms, 2N5088 
f — 10 Hz to 15.7 kHz) 2N5089 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


V(BR)CEO 


V(BR)CBO 


VCE(sat) 


2N5088 
2N5089 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 
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MOTOROLA SEMICONDUCTORS 


2N5208 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[ColleciorEmitter Voltage — — — | усо | 75 | 
Emitter-Base Voltage 3.0 Vdc 
Collector Current — Continuous 50 mAdc 


Total Device Dissipation (v TA = 25°C 625 mW 
Derate above 25°C 5.0 mW^C 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C пууес 
Operating and Storage Junction TJ, Tstg | -55% +150 “С 
Temperature Range 
THERMAL CHARACTERISTICS 


[Characteristic — — [ бутво [Max | une | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RaJA(1) °C/W 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | ме | мы | Um | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.1 mAdc, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 pAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(Vcg = 10 Vdc, ЈЕ = 0) 


Emitter Cutoff Current ЕВО 
(УВЕ = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 10 Мас) 


Base-Emitter On Voltage 
(с = 2.0 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 2.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


Input Capacitance 
(УВЕ = 2.0 Мас, Ic = 0, = 1.0 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, lp = 0, f = 1.0 MHz) 


Collector Base Time Constant 
ЧЕ = 2.0 mAdc, Vcg = 10 Мас, f = 31.8 MHz) 


Noise Figure 
(с = 2.0 mAdc, Vcg = 10 Vdc, Rs = 75 ohms, f = 100 MHz, BW = 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain Gpe 
(с = 2.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
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2N5208 


FIGURE 1 - 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


20pF 0.7-10pF 


INPUT 
OUTPUT 


2.7 -30 pF 


T1 Ballun Core, 5 turns primary, 5 turns 
secondary, No. 24 bifilar wound. 

T2 Winch inner diameter, 5% turns 
tapped up # turn, No. 16 buss wire. 


Увв Усс 


COMMON-EMITTER Y PARAMETERS (Polar Plots) 
VCE = 10 Мас, ТА = 259C 
FIGURE 2 - INPUT ADMITTANCE FIGURE 3 - OUTPUT ADMITTANCE 


Фе (mmhos) дое (mmhos) 


Бре (mmhos) 


FIGURE 4 - FORWARD TRANSFER ADMITTANCE FIGURE 5- REVERSE TRANSFER ADMITTANCE 


bre (mmhos) 


Ife (mmhos) gre (mmhos) 
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2N5208 


STABILITY FACTOR CURVE 


FIGURE 6 - POWER GAIN AND NOISE FIGURE FIGURE 7 - MAXIMUM TRANSDUCER GAIN 


2 | f= 100 MHz ШЕШЕГІ 
Rg = 75 Ohms Ip = 2.0 тА 
: F 
1 = 5 
с т e 
— 
15-1 
10 20 30 40 50 80 70 0° 
Ic, COLLECTOR CURRENT (mAdc) f, FREQUENCY (MHz) 
COMMON-EMITTER Y PARAMETERS vs FREQUENCY 
VCE = 10 Мас, TA = 25°C 
FIGURE 8 - INPUT ADMITTANCE FIGURE 9- OUTPUT ADMITTANCE 
s 
= 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 10- FORWARD TRANSFER ADMITTANCE FIGURE 11- REVERSE TRANSFER ADMITTANCE 


[| |_|_|_|| [астен 
LI | [I] r ____|-- с= топа 


уе (mmhos) 
Yre (mmhos) 


RN ше 
dE Li L. 
30 — 40 50 70 100 200 300 30 40 50 70 100 200 300 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-44 


2N5208 
STABILITY FACTOR CURVES 


FIGURE 12 - OPTIMUM SOURCE ADMITTANCE FIGURE 13 - OPTIMUM LOAD ADMITTANCE 


> 
o 


Үс, INPUT SOURCE ADMITTANCE (mmhos) 
Үү. OUTPUT LOAD ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


When a potentially unstable device is operated without feedback, there is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for 
determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to 
the equations for the 2N5208. 


NOISE FIGURE 


FIGURE 14 - FREQUENCY EFFECTS FIGURE 15 - SOURCE RESISTANCE EFFECTS 
$ = 
š E 
8 = 
z z 
30 40 50 70 100 200 300 % 20 30 50 100 200 500 10к 
f, FREQUENCY (MHz) Rs, SOURCE RESISTANCE (Ohms) 
FIGURE 16 - CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 17 - CAPACITANCES 


CAPACITANCE (pF) 


fT, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


1.0 2.0 30 40 50 60 7.0 809.0 10 
Ic, COLLECTOR CURRENT (mA) REVERSE BIAS ( Vdc) 
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% 


hgg, OC CURRENT GAIN (NORMALIZED) 


2N5208 


=== -- 


FIGURE 18 - DC CURRENT GAIN 
Наз apum; np во [sp ag р a IT | 


КД 
щам ететт 1:978 
мәтінінен Биені жән ша и 


1с, COLLECTOR CURRENT a 
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SMALL-SIGNAL DEVICES 


2N5209 
2N5210 


MAXIMUM RATINGS 


Г тт Гана иш | um | 
[бїз — — | \ю | № [| Ve | 
Г сейеоъваве мое — veso | 60 | № | 
a qe —  . Wap | Ө |. в | 
[Gwesrcuem-—ComWmms — (| i | w | 


Total Device Dissipation (v TA = 25°C 
Derate above 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case ИМИ Е 
Thermal Resistance, Junction to Ambient ВөЈА(1) | az | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 mAdc, ЈЕ = 0) 
Collector Cutoff Current сво пАдс 
(Усв = 35 Мас, ЈЕ = 0) 
Emitter Cutoff Current nAdc 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 „Adc, Vcg = 5.0 Мас) 2N5209 
2N5210 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


(lc = 1.0 mAdc, Vcg = 5.0 Мас) 2N5209 
2N5210 


10 mAdc, Vcg = 5.0 Vdc)(2) 2N5209 
2N5210 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage 
(с = 1.0 mAdc, VcE = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(Ic = 500 „Adc, Vcg = 5.0 Мас, = 20 MHz) 
Collector-Base Capacitance 

Мсв = 5.0 Мас, lg = 0, f = 100 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N5209 
2N5210 


Noise Figure 
(Ic = 20 „Adc, Vcg = 5.0 Мас, Вс = 22 К ohms, 2N5209 
f = 10 Hz to 15.7 kHz) 2N5210 


(Ic = 20 иАдс, Vcg = 5.0 Мас, Rs = 10 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N5222 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 15 


Collector-Base Voltage VCBO 20 
Emitter-Base Voltage € 2.0 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 125 | см | 
Thermal Resistance, Junction to Ambient RaJA(1) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, Іс = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 дАдс, lc = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(VBE = 2.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 4.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 4.0 mAdc, Ів = 400 uAdc) 


Base-Emitter On Voltage 
(с = 4.0 mAdc, Ів = 400 џАдс) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, УСЕ = 10 Мас, = 20 MHz) 


Collector-Base Capacitance 
(св 


= 10 Vdc, lp = 0, f = 1.0 MHz) 
Small-Signal Current Gain 


(Ic = 4.0 mAdc, УСЕ = 10 Мас, f = 1.0 kHz) 


V(BR)CEO 

V(BR)CBO 

V(BR)EBO 
ICBO 


ЕВО 


(1) РАЈА is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% 
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2N5222 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VCB = 10 Мас, Ic = 4.0 mAdc, TA = 25°C) 


Vib, INPUT ADMITTANCE 


FIGURE 1 — RECTANGULAR FORM FIGURE 2 — POLAR FORM 
0 T 
| E | + 1 | 
g -10 = + E — at. 
си мды мак мин шы 
& | 
ш -20 = 7| T + 1 
= = 
š š 1000 MHz - 4 
= Е -30 | 
a 
< š 
2 -40 zr x 
= 1 400 | 200 — 100 
= 
> 50 те 
Lx. 
-60 = 
10 


100 200 300 400 500 700 1000 0 20 30 40 50 60 70 80 
f, FREQUENCY (MHz) gib (mmhos) 


у, FORWARD TRANSFER ADMITTANCE 


FIGURE 3 — RECTANGULAR FORM FIGURE 4 — POLAR FORM 
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COMMON-BASE y PARAMETERS versus FREQUENCY 
(VCB = 10 Мас, Ic = 4.0 mAdc, TA = 25°C) 


Yrb, REVERSE TRANSFER ADMITTANCE 


FIGURE 5 — RECTANGULAR FORM FIGURE 6 — POLAR FORM 
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2N5222 


Yob, OUTPUT ADMITTANCE 

FIGURE 7 — RECTANGULAR FORM 

] + | Т i r 

Г ГД 
анши! 


bob 


FIGURE 8 — POLAR FORM 


= 
jbob (mmhos) 


Yob, OUTPUT ADMITTANCE (mmhos) 
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PEERS RR RR ——————— 
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2N5223 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case | Rac | 
Thermal Resistance, Junction to Ambient АЈА) 


(1) Вуд is measured with the device soldered into a typical и circuit board. 


NPN SILICON 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Сыек | Symbol | м | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 100 „Adc, Ic = 0) 
Collector Cutoff Current (сво 
(Усв = 10 Мас, ЈЕ = 0) 
Emitter Cutoff Current ЕВО 
(VBE = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-51 


2N5224 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous Eben. > | 
Total Device Dissipation @ Ta = 25°C Pp mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic [Symbol | Me | отш | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient ААЈА) 


(1) Волд is measured with the device soldered into a typical printed circuit board. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 12 Vdc 

(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 25 Vdc 
(Ic = 100 „Adc, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current (сво пАдс 
(Усв = 15 Vdc, ЈЕ = 0) 
Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Іс = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 10 mAdc, VcE = 1.0 Уас) 
(с = 100 mAdc, Vcg = 1.0 Vdc)(2) 
Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ip = 3.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fr 250 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance Ccb 
(Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


Delay Time (Усс = 3.0 Мас, Vgg(off) = 1.5 Мас 


Rise Time ІС = 10 mAdc, въ = 3.0 mAdc) 


Fall Time ІС = 10 mA, 181 = !82 = 3.0 mAdc) 


(Vcc = 3.0 Vde, 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N5224 
FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Усс = 30V 


SCOPE 


TURN-OFF INPUT PULSE 


TURN-ON INPUT PULSE 
MSD6100 
GENERATOR SOURCE IMPEDANCE = 50 ohms -3.0V 
INPUT PULSE OSCILLOSCOPE 
RISE TIME « 2.0 ns RISE TIME < 0.4 ns 


FALL TIME « 2.0 ns INPUT RESISTANCE > 50 ohms 
NOMINAL PULSEWIDTH = 300 ns INPUT CAPACITANCE < 4.0 pF 
NOMINAL DUTY CYCLE = 2.0% 


For td and tr, diode is disconnected. 
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2N5225 MAXIMUM RATINGS 


Rating Symbol 
Collector-Emitter Voltage VcEO 25 


Collector-Base Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous 


с 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Рр 
Derate above 25°C 


Operating and Storage Junction —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic Symbol Max | Unit | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient АЈА) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(С = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 10 mAdc, Vcg = 10 Мас) 
(с = 50 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 100 mAdc, Ів = 10 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 100 mAdc, lg = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, МСЕ = 10 Мас, f = 20 MHz) 


Collector-Base Capacitance 


(Усв = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5226 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Тс = 25°C Watt 
Derate above 25°C mW/^C 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unt | 
Thermal Resistance, Junction to Case | Rac | 125 | œ | 
Thermal Resistance, Junction to Ambient ReJA(1) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | мах | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 дАдс, Іс = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 дАдс, Ic = 0) 

Collector Cutoff Current ICBO nAdc 


(Vcg = 15 Vdc, Іс = 0) 


Emitter Cutoff Current 
(VBE = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain hFE 
(Ic = 10 mAdc, УСЕ = 10 Мас) 
(с = 50 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 100 mAdc, Ів = 10 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 100 mAdc, lg = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Collector-Base Capacitance 


(VCB = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 50 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-55 


2N5227 MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector-Base Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


—55 to +150 


THERMAL CHARACTERISTICS 


[Charters | Symbol | Ме 
Thermal Resistance, Junction to Case 


RaJA(]) 
(1) RgJA is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Ambient 


Refer to 2N3905 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 — Vdc 
(с = 1.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 30 -- Үсіс 
(с = 100 „Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — Vdc 
(IE = 100 дАдс, Ic = 0) 

Collector Cutoff Current ІСВО — 100 nAdc 
(Vcg = 10 Мас, ЈЕ = 0) 

Emitter Cutoff Current ІЕВО — 500 nAdc 
(УВЕ = 2.0 Мас, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE — 
(Ic = 100 wAdc, Vce = 10 Мас) 
(с = 2.0 тАдс, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 


(Ic = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fr 100 — MHz 


(с = 10 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Щит = 

Collector-Base Capacitance Ccb -- 5.0 pF 
(Vcg = 10 Мас ЈЕ = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 50 1500 — 


(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 2N5228 
| Raing | Symbol | Value | 
| Collector-Emitter Voltage | уско | 50 | 
ColesortmimerVotape — | Ves | so | 
[CollestorBese Voltage — | veso | so | 
| Emiter-Base Voltage — | veso | 30 | 
| Collector Current — Continuous | e | 5o | mad 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Теа | —55 to +150 "C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


(1) Вуд is measured with the device soldered into a typical printed circuit board. 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | | Symbo | ма | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ів = 0) | Мвејсео | 50 | — | vd | 
Collector-Emitter Breakdown Voltage (lc = 100 „Adc, Уве = 0) | Мвюске| 60 | — | ма | 
Collector-Base Breakdown Voltage (Іс = 100 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage (lg = 100 „Adc, Ic = 0) 
Collector Cutoff Current (Vcg = 4.0 Vdc, ҮЕ = 0) 
Emitter Cutoff Current (УВЕ = 2.5 Мас, lc = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 10 mAdc, Vcg = 0.3 Мас} 
(с = 50 mAdc, Vcg = 1.0 Vdc)(2) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 3.0 mAdc) 


Collector-Base Capacitance (Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 
Delay Time (Vcc = 3.0 Vde, VBE(off) = 1.5 Vdc 


Storage Time (Vcc = 3.0 Vde, Ic = 10 mA, 
Fall Time ІВ1 = ІВ2 = 3.0 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5228 


Усс = 30 V 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


91v 
SCOPE 
15v 
OV IN 
-10.55 У — -10.7 v — 

TURN-ON INPUT PULSE TURN-OFF INPUT PULSE 

GENERATOR SOURCE IMPEDANCE - 50 ohms 
INPUT PULSE OSCILLOSCOPE 
RISE TIME « 2.0 ns RISE TIME < 0.4 ns 
FALL TIME « 20 ns INPUT RESISTANCE > 50 ohms 
NOMINAL PULSEWIDTH = 300 ns INPUT CAPACITANCE < 4.0 pF 
NOMINAL DUTY CYCLE = 2.0% 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5400 


MAXIMUM RATINGS 2N5401 
| Rating | Symbol | 2N5400 |2Ns401| Unit | 
| CollectorEmiter Voltage | Vcgo | 120 | 150 | vac | 

de 


кво 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous | mAdc | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C ко 
Total Device Dissipation (v Tc = 25°C Watt 
Derate above 25°C тМ//2С 
Operating and Storage Junction TJ, Tstg —55 to +150 °С 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | "см | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


|2 теме | Зутво | м | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 1.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 pAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ig = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 100 Мас, lg = 0) 2N5400 
(Vcg = 120 Мас, ЈЕ = 0) 2N5401 
(VcB = 100 Vdc, lp = 0, TA = 100°C) 2N5400 
(Vcg = 120 Мас, lp = 0, TA = 100°C) 2N5401 


Emitter Cutoff Current 
(VEB = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain hrE 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 
50 mAdc, VcE = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, в = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 10 Мас, = 100 Mhz) 


Output Capacitance 
(Vcg = 10 Мас lg = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5400, 2N5401 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 
Characteristic 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(с = 250 uAdc, Vcg = 5.0 Мас, 
Rs = 1.0 kohm, f = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 3 — COLLECTOR CUT-OFF REGION 
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2N5400, 2N5401 


FIGURE 4 — “ON” VOLTAGES FIGURE 5 — TEMPERATURE COEFFICIENTS 
д 2.5 
i BED nol [usco | | ПЦ T UII 
нши РНЕ па ІНШІ 
T | РНЕ РНЕ ENG 
Е. ве en-e at “ТИШ а __ ПЕ | ШШ | 
50.6 a š аб 
rmi SSCL ӘП мге | [TE T TL 
ш 05 0 


Т ОШ ТШ ШШ 
я ШШ. ЕШ КЛ 
РТ tT 

ВИСОТИ ШЫП 


0.2 
0.1 


бу, TEMPERATURE COEFFICIENT (mV/9C) 


о s | LLL | 111 
01 020305 10 2030 50 10 20 30 50 100 07 0203 05 10 2030 50 10 2030 50 100 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — SWITCHING TIME TEST CIRCUIT FIGURE 7 — CAPACITANCES 
10.2 V 

T. | | VBB 

Vin 88V 

|-— 10 us —- 
INPUT PULSE 
== HH 
FER = 
Vin ШЕШИНЕ ИЕ КАСИ ПОП = 
tr, t£ 10 ns 


Duty Cycle= 1.0% (02 03 05 07 10 20 30 50 70 10 
Values Shown are for Іс @ 10 mA VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME 
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2N5550 MAXIMUM RATINGS 


2N5551 | Rating | Symbol | 2N5550 | 2N5551 Unit | 
[CollectorBase Voltage | Vcgo | 160 | 180 | № | 
| Emitter-Base Voltage — — —  — | Veso | _ 60 | Уй 

| Collector Current — Continuous | | | с | 60 | та | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 М/С 
Operating and Storage Junction TJ, Tstg —55 to +150 °G 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Mex мк | 
Thermal Resistance, Junction to Case 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient | RaJA(1) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Мах | Unit 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 1.0 mAdc, Ів = 0) 2N5550 
2N5551 


OFF CHARACTERISTICS 


V(BR)CEO 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 2N5550 
2N5551 


V(BR)CBO 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 100 Мас, Ig = 0) 2N5550 


V(BR)EBO 


nAdc 


(Усв = 120 Мас, Ig = 0) 2N5551 
(Vcg = 100 Мас, ЈЕ = 0, TA = 100°C) 2N5550 
(Vcg = 120 Мас, lg = 0, Ta = 100°C) 2N5551 


Emitter Cutoff Current 
(МЕВ = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS(2) 
DC Current Gain 


nAdc 


(С = 1.0 mAdc, Vcg = 5.0 Мас} 2N5550 

2N5551 80 = 
(С = 10 тАдс, Vcg = 5.0 Мас) 25550 

2N5551 


(lc = 50 mAdc, МСЕ = 5.0 Мас) 2N5550 
2N5551 


Collector-Emitter Saturation Voltage 


VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) Both Types 


VBE(sat) 
1.0 
1.2 
1.0 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


(с = 50 mAdc, Ів = 5.0 mAdc) 2N5550 
2N5551 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) Both Types 


(с = 50 mAdc, IB = 5.0 mAdc) 2N5550 
2N5551 
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2N5550, 2N5551 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
[ Characteristic | Symb! | м | Me | Unit | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


2N5551 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 250 wAdc, Vcg = 5.0 Мас, Rs = 1.0 kohm, 2N5550 
f = 10 Hz to 15.7 kHz) 2N5551 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DC CURRENT GAIN 
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2N5550, 2N5551 


FIGURE 3 — COLLECTOR CUT-OFF REGION 
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FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 7 — CAPACITANCES 
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2N5550, 2N5551 


FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME 
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2N5771 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


x м [| Symbol | Маше | Unit | 
Collector-Emitter Voltage VcEO EE wa 


Collector-Base Voltage VCBO 


Emitter-Base Voltage VEBO МЕ ыи 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Lead Temperature TL 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unit | 


Collector-Emitter Breakdown Voltage (lc = 3.0 mA)(1) | Маюсо| 15 | — | ve | 

Collector-Emitter Breakdown Voltage (ІС = 100 uA) | Мввсев | 15 | — | мас 

Collector-Base Breakdown Voltage (lc = 100 дА) | уввсвво | 15 | — | vé | 

Emitter-Base Breakdown Voltage (lg = 100 дА) | vereso | 45 | — | Vdc 
mu 


Collector Cutoff Current (Vcg = 8.0 Vdc) ICBO 


| t | = | 

Collector Cutoff Current (Vcg = 8.0 Мас) ICES nA 

(Vce = 8.0 Vdc, Ta = 125°C) ПА 
Emitter Cutoff Current (УВЕ = 4.5 Vdc) | eso | = | % | жї | 


ON CHARACTERISTICS 
DC Current Gain (Ic = 1.0 mA, Vcg = 0.5 Vdc)(1) 
(Ic = 10 mA, Vcg = 0.3 Vde)(1) 
(с = 50 mA, Vcg = 1.0 Vdc)(1) 
(с = 10 mA, Vcg = 0.3 Мас, TA = —55°С) 
Collector-Emitter Saturation Voltage(1) (lc = 1.0 mA, Ig = 0.1 mA) VCE(sat) 
(Ic = 10 mA, lg = 1.0 mA) 
(с = 50 mA, Ів = 5.0 mA) 
Base-Emitter Saturation Voltage(1) (lc = 1.0 mA, Ів = 0.1 mA) VBE(sat) 
(Ic = 1.0 mA) 
(Ic 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, f = 140 kHz) 


Emitter-Base Capacitance 
(Уве = 0.5 Уас, f = 140 kHz) 


Small-Signal Current Gain 
(с = 10 mA, УСЕ = 10 Мас, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 10 mA, въ = 182 = 10 mA) 


OFF CHARACTERISTICS 


Turn-On Time 


(Ic = 10 mA, lg = 1.0 mA) 


Turn-Off Time 
(с = 10 тА, въ = 182 = 1.0 mA) 


(1) Pulse Conditions: Pulse Length = 300 us, Duty Cycle = 1.0%. 
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2N6426 
2N6427 


MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient ВөЈА(1) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symb! | Ма | Te | Me | Unit | 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 рАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 

Collector Cutoff Current 


(МСЕ = 25 Мас, Ів = 0) 
Collector Cutoff Current 

(Усв = 30 Мас, lg = 0) 
Emitter Cutoff Current 
(УВЕ = 10 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) 


(lc = 10 mAdc, Vcg = 5.0 Vdc) 2N6426 
2N6427 


OFF CHARACTERISTICS 


200,000 
100,000 


300,000 
200,000 


(Ic = 100 mAdc, Vcg = 5.0 Мас) 2N6426 


(С = 500 тАйс, Vcg = 5.0 Мас) 2N6426 


200,000 
140,000 
Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ів = 0.5 mAdc) 


VCE(sat) Vde 
0.71 
(ІС = 500 mAdc, Ig = 0.5 mAdc) 0.9 
Base-Emitter Saturation Voltage VBE(sat) 
(С = 500 mAdc, Ів = 0.5 mAdc) 
Base-Emitter On Voltage VBE(on) 1.75 Vdc 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 


(VBE = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N6426, 2N6427 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 
Input Impedance 


(Ic = 10 mAdc, Vcg = 5.0 Мас, f = 2N6426 
2N6427 


Small-Signal Current Gain 
(с = 10 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 20,000 
10,000 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) { | 

Output Admittance hoe — — 1000 umhos 
(с = 10 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure NF -- 3.0 
(с = 1.0 mAdc, Vcg = 5.0 Vdc, Rg = 100 КО, 
f = 10 kHz to 15.7 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — TRANSISTOR NOISE MODEL 


Ideal 


Transistor 


NOISE CHARACTERISTICS 
(МСЕ = 5.0 Мас, TA = 25°C) 


FIGURE 2 — NOISE VOLTAGE FIGURE 3 — NOISE CURRENT 
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2N6426, 2N6427 


FIGURE 4 — TOTAL WIDEBAND NOISE VOLTAGE 
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FIGURE 5 — WIDEBAND NOISE FIGURE 
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FIGURE 6 — CAPACITANCE 
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Име, SMALL SIGNAL CURRENT GAIN 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 — HIGH FREQUENCY CURRENT GAIN 
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FIGURE 9 — COLLECTOR SATURATION REGION 
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2N6426, 2N6427 


FIGURE 10 — “ON” VOLTAGES FIGURE 11 — TEMPERATURE COEFFICIENTS 
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FIGURE 12 — THERMAL RESPONSE 
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MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO е | | 
VCBO Vdc 
2N6428,A 
2N6429,A 


Emitter-Base Voltage eo — | ө | ыы 
Collector Current — Continuous | тАас | 


Total Device Dissipation (а TA = 25°C mW 
Derate above 25°C mW/^C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 
[| Characteristic — | Symbol | | Mex | Unt | 
°C/W 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient | Rua | 20 | “cw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2N6428,A 
2N6429,A 


Collector-Base Voltage 


2N6428,A 
2N6429,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N6428 for graphs. 


——— O — Гови |e | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 тАдс, Ів = 0) 2N6428,A 


2N6429,A 


Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, lg = 0) 2N6428,A 


2N6429,A 


Collector Cutoff Current 
(УСЕ = 30 Vdc) 

Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
Мев = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(УСЕ = 5.0 Мас, Іс = 0.01 mAdc) 


2N6428,A 
2N6429,A 


2N6428,A 
2N6429,A 


0.1 тАас) 


5.0 Мас, Ic 


(VCE 


2N6428,A 
2N6429,A 


1.0 mAdc) 


(УСЕ = 5.0 Мас, Іс = 


2N6428,A 
2N6429,A 


(МСЕ = 5.0 Мас, lc = 10 mAdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 0.5 mAdc) 
(с = 100 mAdc, Ів = 5.0 mAdc) 


Base-Emitter On Voltage 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 5.0 V, f = 


Output Capacitance 
10 Мас, ЈЕ = 0, f = 1.0 MHz) 


100 MHz) 


(Усв = 
Input Capacitance 


Мев = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 
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V(BR)CEO 


V(BR)CBO 


IcEO 
ІСВО 
ЕВО 


1250 


VCE(sat) 


MOTOROLA SEMICONDUCTORS 


2N6428,A, 2N6429,A 


ELECTRICAL CHARACTERISTICS келінін! (Ta = 25°C unless otherwise noted.) 


ee SS EE CNMNNNET HN ML = 


Input Impedance 
(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N6428,A 
2N6429,A 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 
2N6429,A 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 
2N6429,A 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 
2М6429,А 


(1) Rs = 10 КО, BW = 1.0 Hz, f = 100 Hz 
(2) Rg = 50 kQ, BW = 15.7 kHz, f = 10 Hz-10 kHz 
(3) Rs = 500 0, BW = 1.0 Hz, f = 10 Hz 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


2N6515 | 2N6516 
2N6518 | 2N6519 
Collector-Emitter | Collector-Emitter Voltage | VCEO Yeo} козю 
Collector-Base Voltage | VcBO | E BE нЕ SEDE 


Emitter-Base Voltage VEBO 
2N6515, 2N6516, 2N6517 
2N6518, 2N6519, 2N6520 


P" YY VY 


Collector Current — Continuous | ос | 50 ___ | 

Total Device Dissipation E 
@ TA = 25°C mW/°C 
Derate above 25°C 

Operating and Storage Junction Ty, Tstg —55 to + 150 
Temperature Range 

Lead Temperature TL °С 
z 1/16" from case for 10 seconds 


THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, lg = 0) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


Collector-Base Breakdown Voltage 
(Ic = 100 дАдс, lg = 0) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 2N6515, 2N6516, 2N6517 
2N6518, 2N6519, 2N6520 


Collector Cutoff Current 
(Vcg = 150 Мас, ЈЕ = 0) 246515, 2N6518 
(Vcg = 200 Мас, ЈЕ = 0) 2N6516, 2N6519 
(Vcg = 250 Мас, ЈЕ = 0) 2N6517, 2N6520 


Emitter Cutoff Current 
(МЕВ = 5.0 Мас, [С = 0) 2N6515, 2N6516, 2N6517 
Мев = 4.0 Мас, Ic = 0) 2N6518, 2N6519, 2N6520 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


(с = 10 mAdc, Vcg = 10 Мас) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


(с = 30 mAdc, Vcg = 10 Мас) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


(с = 50 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


100 mAdc, Vcg = 10 Мас) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 
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NPN 
2N6515 
thru 2N6517 
PNP 
2N6518 
thru 2N6520 


CASE 29-02, STYLE 1 


TO-92 (TO-226AA) 


HIGH VOLTAGE 
TRANSISTOR 


V(BR)CEO 


V(BR)CBO 


MOTOROLA SEMICONDUCTORS 


NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| haracteristic [бы | Mim | Me | Uni | 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc) 

50 mAdc, lg = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
= 10 mAdc, lg = 1.0 mAdc) 

C = 20 mAdc, lg = 2.0 тАас) 
(Ic = 30 mAdc, lg = 3.0 mAdc) 


Base-Emitter On Voltage VBE(on) 

(Ic = 100 mAdc, Vcg = 10 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) 

(Ic = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 
Collector-Base Capacitance 

(Vcg = 20 Мас, lg = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(Veg = 0.5 Мас, Іс = 0, = 1.0 MHz) 2N6515 thru 2N6517 
2N6518 thru 2N6520 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 100 Мас, VBE(off) = 2.0 Мас, Іс = 50 mAdc, Ig1 = 10 mAdc) 


Turn-Off Time 
(Усс = 100 Мас, Іс = 50 mAdc, въ = |82 = 10 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


NPN | PNP 


FIGURE 1 — DC CURRENT GAIN 
2N6515, 2N6516 2N6518, 2N6519 


УСЕ = 10V 


ПЕЕ, ОС CURRENT GAIN 


ПЕЕ, ОС CURRENT GAIN 


1.0 20 30 50 70 10 70 100 10 20 30 50 70 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT м” Іс. COLLECTOR CURRENT (mA) 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


2N6517 


M ТЈ = 12500 


hfe, DC CURRENT GAIN 


50 70 10 20 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 4 — "ON" VOLTAGES 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


FIGURE 5 — TEMPERATURE COEFFICIENTS 
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FIGURE 6 — CAPACITANCE 
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FIGURE 7 — TURN-ON TIME 
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t, TIME (ns) 


2N6518, 2N6519, 2N6520 


VCE(off) = 100 V 
1СЛВ = 5.0 


Ty = 2590 


Ic, COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


FIGURE 8 — TURN-OFF TIME 
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FIGURE 9 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 10 — THERMAL RESPONSE 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 
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MPS404 
MPS404A 


MAXIMUM RATINGS 


|Rating | Symbol МР5404 МР54МА| Unit | 
| Collector-émitter Voltage — | Vceo | 24 | 35 | № | 
| Collector-Base Voltage | Усво | 25 | 40 | ме | 
ES f veeo j om | | | 
| к | o | таг | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW^C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/^C 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | | Symbol | Ма | Unit | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


CHOPPER TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | см | 


(1) Reja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Г шт-ы. — sme | ми | ty | ми | Um | 


жемі, So! 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(с = 10 тАас, Ig = 0) MPS404 
MPS404A 


Collector-Base Breakdown Voltage 
(Ic = 10 „Adc, ЈЕ = 0) MPS404 
MPS404A 


V(BR)CBO 
Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) MPS404 


V(BR)EBO Vde 
MPS404A к 
Collector Cutoff Current ІСВО 100 nAdc 
(Мсв = 10 Мас, ЈЕ = 0) 
Emitter Cutoff Current 100 nAdc 
(УВЕ = 10 Мас, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


i ПЕЕ 
(Ic = 12 mAdc, Vcg = 0.15 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 

(Ic = 12 mAdc, Ів = 0.4 mAdc) 0.1 0.15 

0.12 0.20 
VBE(sat) Vdc 

0.7 0.85 
0.74 1.0 


(Ic = 24 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(с = 12 mAdc, Ів = 0.4 mAdc) 
(с = 24 mAdc, Ів 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Base Cutoff Frequency 
(с = 1.0 mAdc, Vcg = 6.0 Мас) 


Output Capacitance 
(Vcg = 6.0 Мас lp = 0, = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS404, MPS404A 


FIGURE 1 — COLLECTOR-EMITTER VOLTAGE 
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УСЕ, COLLECTOR-EMITTER VOLTAGE (mV) 
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FIGURE З — DC CURRENT GAIN © Усе = 
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FIGURE 5 — DC CURRENT GAIN @ Vcg = 


1.0 Vde 


НЕЕ, DC CURRENT GAIN 


0 
1.0 20 30 50 70 10 
Ic, COLLECTOR A (mA) 


MOTOROLA SEMICONDUCTORS 


50 70 100 


FIGURE 2 — BASE "ON" VOLTAGE 


9 

| mms АИ 

id es a ы зе ue ut 
Moose am е 


VBE(sat) € 1СЛВ = 2 


Увс, BASE-COLLECTOR VOLTAGE (VOLTS) 
VBE, BASE-EMITTER VOLTAGE (VOLTS) 


0 30 50 7.0 10 20 30 50 70 100 


1с, COLLECTOR CURRENT (mA) 
ТЕ, EMITTER CURRENT (mA) 


INVERTED MODE 


FIGURE 4 — DC CURRENT GAIN @ Vgc = 0.15 Vdc 


ВЕЕ, DC CURRENT GAIN 


та 
ШЕ 
0 


0 Ы 50 70 10 2 50 70 100 
а EMITTER CURRENT (mA) 


FIGURE 6 — DC CURRENT GAIN @ Уес = 1.0 Мас 


ae пао T РО Ga (at 


НЕЕ, DC CURRENT GAIN 


Ig, EMITTER CURRENT (mA) 


SMALL-SIGNAL DEVICES 


2-80 


MPS404, MPS404A 


FIGURE 7 — COLLECTOR SATURATION REGION 
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FIGURE 13 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 14 — STORED BASE CHARGE TEST CIRCUIT 
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MEASUREMENT PROCEDURE 
C4 is increased until the toff time of V 
the output waveform is decreased to | ! 
0.2 us, 05 is then calculated by | 
Qs = C1 Vin | 
053 or 057 by B-Line Electronics 6.0 У | 
ог equivalent may also be used | Nn 


Vin | > 5.0us] tr, tt < 15 ns 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


MPS650 | MPS651 
MPS750 | MPS751 
Collector-Base Voltage 
Emitter-Base Voltage VEBO | — SR | 
Collector Current — Continuous mam ~ _ | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MPS650 
MPS651 
NPN SILICON 


MPS750 
MPS751 
PNP SILICON 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Characteristic Symbol | Mm | мы | Um | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) MPS650, MPS750 


MPS651, MPS751 


Collector-Base Breakdown Voltage 
(С = 100 „Adc, IE = 0) MPS650, MPS750 


MPS651, MPS751 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 џАдс, Ic = 0) 
Collector Cutoff Current 
(Усв = 60 Мас, ЈЕ = 0) 
(Vcg = 80 Мас, ЈЕ = 0) 
Emitter Cutoff Current 
(VEB = 4.0 V, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(с = 50 mA, Vcg = 2.0 V) 
(С = 500 mA, Vcg = 2.0 V) 
(Ic = 1.0 A, Vcg = 2.0 V) 
(Ic = 2.0 A, Vcg = 2.0 V) 
Collector-Emitter Saturation Voltage 
(Ic = 2.0 A, lg = 200 mA) 
(С = 1.0 A, Ів = 100 mA) 
Base-Emitter Saturation Voltage 
(Ic = 1.0 A, Ів = 100 mA) 
Base-Emitter On Voltage 
(Ic = 1.0 A, УСЕ = 2.0 V) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 


MPS650, MPS750 
MPS651, MPS751 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


(С = 50 тАдс, Vcg = 5.0 Мас, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr is defined as the frequency at which |һғе| extrapolates to unity. 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MPS706,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol | Маме | Unt | 
[Colletortmiter Voltage | Мен | ж | ve | 
[ColletorBase Voltage | Vcgo | 25 | № | 
еее PPE PE 


| Collector Current — Continuous | Current — Continuous | mAdc | 

Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/^/C 

Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mW^C 
Operating and Storage Junction ТЈ, Tstg | - 5510 +150 °C 

Temperature Range 
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Вас | _ 833 | cow | 
Thermal Resistance, Junction to Ambient Во) А(1) | __200 -| см | 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage(2) V(BR)CER 
(Ic = 10 mAdc, ВвЕ = 10 Ohms) 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 uAdc, Ic = 0) 
Collector Cutoff Current 


(Vcg = 15 Мас, ЈЕ = 0) MPS706/MPS706A 
(Vcg = 25 Мас ЈЕ = 0) MPS706A 


Collector Cutoff Current MPS706A 
(УСЕ = 20 Vdc, ВВЕ = 100 kHz) 


Emitter Cutoff Current 


(УВЕ = 3.0 Мас, Іс = 0) MPS706 
(VBE = 5.0 Мас, Ic = 0) MPS706A 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 10 mAdc, Vcg = 1.0 Мас) MPS706 
MPS706A 


Collector-Emitter Saturation Voltage(2) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage(2) 
(lc = 10 mAdc, lg = 1.0 mAdc) MPS706 
MPS706A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Мсе = 15 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) MPS706 


Input Capacitance 


(УВЕ = 1.0 Vdc, Ic = 0, f = 100 kHz) 


Extrinsic Base Resistance 
(МСЕ = 15 Мас, lg = 10 mAdc, f = 300 MHz) 
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MPS706,A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


| Chameerstie | уто | ма | тур | Mex | unit | 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Усс = 10 Мас, Iç = 10 mAdc, MPS706A 
ІВ1 = ІВ2 = 10 mAdc) MPS706 


Turn-On Time (Figure 1) 
(Vcc = 3.0 Мас, VBE(off) = 2.0 Мас, Іс = 10 mAdc, въ = 3.0 mAdc) 


Turn-Off Time (Figure 2) 
(Усс = 3.0 Мас, Іс = 10 mAdc, въ = Ір2 = 3.0 mAdc) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 12 ns, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT 
Усс = 3.0 Мас Vec = 10.3 Vde 
(Adjust for 10 mA) (Adjust for 10 mA) 


+7.0 V 
оу Lod. 


-2.0 V 
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MPS708 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[| Rating [зы | Value | Unit | 
| Collector-émitter Voltage | Уво | 15 | уе | 
| Collector-Base Voltage — — — | Усво | 4 | № 
[EmiterBese Voltage | Veo | 50 | ме 
| Collector Current — Continuous | |с | 20 | mAd | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Ma | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | w | 
Thermal Resistance, Junction to Ambient RaJA(1) | 200 | “°w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min Typ | Mex | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(с = 30 mAde, IB = 0) 


Collector-Emitter Breakdown Voltage V(BR)CER 
(с = 30 mAdc, ВвЕ = 10 Ohms) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 uAdc, Ic = 0) 


Collector Cutoff Current 
(св = 20 Мас, ЈЕ = 0) 


Emitter Cutoff Current ІЕВО 80 nAdc 


(VBE = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 0.5 тАдс, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 
Storage Time (Figure 1) 


(Vcc = 3.0 Мас, Ic = 10 mAdc, въ = Ів2 = 10 mAdc) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MPS750, MPS751 For Sepcifications, See MPS650, MPS651 
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MPS708 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Vin 
(t, [1.0 ns) 
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MPS834 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | “w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Typ | Мах | Unit | 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO Es 
(С = 10 џАдс, ЈЕ = 0) 


Vdc 
Emitter-Base Breakdown Voltage V(BR)EBO — Vdc 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current ІСВО 0.5 иАдс 

(Усв = 20 Мас, ЈЕ = 0) 

Collector Cutoff Current ICES 10 pAdc 
(УСЕ = 30 Vdc, УВЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 10 mAdc, Vcg = 1.0 Уас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc)(2) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 10 Мас, Ic = 0, = 100 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Усс = 10 Мас, Іс = 10 mAdc, въ = 1в2 = 10 mAdc) 


Turn-On Time (Figure 1) 


(Усс = 3.0 Мас, VgE(off) = 4.0 Мас, Іс = 10 mAdc, Ів1 = 3.0 mAdc) 


Turn-Off Time (Figure 2) 
(Усс = 3.0 Мас, Іс = 10 mAdc, Ig1 = 3.0 mAdc) 


(1) RajA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 
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MPS834 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT 


Vin 


Turn-Off 
\Увв = +16 V 
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MPS835 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
|Rating [тыр чш] 
[сойот уйще | Мю | № | 
Гсоіеаог Ваве Мое msc | № | 

ШЕКТЕН 
[ mo — 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation (а Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW^C 
Operating and Storage Junction TJ, Tstg —55 to +150 "C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RaJA(1) 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ Max | Unit | 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO 25 — — Vdc 
(Ic = 10 дАдс, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — — Vdc 
ЧЕ = 10 дАдс, Іс = 0) 


Collector Cutoff Current |сво — ES 0.5 шАсс 
(Vcg = 20 Мас, lg = 0) 


Collector Cutoff Current ІСЕ5 -- — 10 шАдс 
(УСЕ = 20 Мас, Уве = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 10 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 тАдс, в = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 10 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Усс = 10 V, Ic = 10 mAdc, въ = 182 = 10 mAdc) 


Turn-On Time (Figure 2) 


(Усс = 3.0 V, VBE(off) = 2.0 V, Ic = 10 mAdc, 
ІВ1 = 3.0 mAdc, Ів2 = 1.0 mAdc) 


Turn-Off Time (Figure 2) 
(Усс = 3.0 V, Іс = 10 mAdc, въ = 3.0 mA, Ig2 = 1.0 mAdc) 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS835 


FIGURE 1 — TURN-ON AND TURN-OFF TIME 


TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT 


„+10 Vdc 


Vin * -19 Vdc 
ton: УВВ = -4.0 Vdc тон: УВВ = +16 Мас { 
0v син: у ау 
Vin = +21 Vdc 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-91 


MPS918 
MPS3563 MAXIMUM RATINGS 


Сэ» [мю | ve | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 3.0 mAdc, в = 0) MPS918 
MPS3563 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 „Adc, ЈЕ = 0) МР5918 
(с = 100 дАдс, Ig = 0) MPS3563 

Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 дАдс, Іс = 0) MPS918 

MPS3563 


Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) MPS918 
MPS3563 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 3.0 mAdc, Vcg = 1.0 Мас) MPS918 
(Ic = 8.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) MPS918 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) MPS918 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) MPS918 
(Ic = 8.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS3563 


Output Capacitance 
(Усв = 0 Мас, lg = 0, f = 140 kHz) MPS918 
(Vcg = 10 Мас, ЈЕ = 0, MPS918 
(Vcg = 10 Мас, lg = 0, MPS3563 
Input Capacitance 
(VEB = 0.5 Vdc, Іс = 0, f = 140 kHz) MPS918 
Small-Signal Current Gain 
(с = 8.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3563 


Noise Figure 
(Ic = 1.0 mAdc, МСЕ = 6.0 Мас, Rg = 400 ohms, f = 60 MHz) МР5918 
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MPS918, MPS3563 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Mex | Uni | 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Ic = 6.0 mAdc, Vcg = 12 Мас, f = 200 MHz) MPS918 
(с = 8.0 mAdc, Vcg = 10 Vdc, f = 200 MHz) 
(бға + Gre < —20 dB) 


Power Output 
(Ic = 8.0 mAdc, Vcg = 15 Мас, f = 500 MHz) MPS918 


Oscillator Collector Efficiency 
(с = 8.0 mAdc, Vcg = 15 Мас, Pout = 30 mW, f = 500 MHz) MPS918 


(1) Веуд is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 1.0%. 
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MPS929,A 
MPS930,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for additional graphs. 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 џАдс, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 5.0 Мас, lg = 0) 


Collector Cutoff Current 
(VcB = 45 Мас, Ip = 0) 


Collector Cutoff Current 
(УСЕ = 45 Мас, УВЕ = 0) 


(VcE = 45 Мас, VBE = 0, Ta = 125°C) 


Emitter Cutoff Current 
(УЕВ = 5.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 1.0 wAdc, VcE = 5.0 Мас) 


(lc = 10 дАдс, Vcg = 5.0 Мас) 


(Ic = 10 дАас, Vcg = 5.0 Мас, Ta = —55'C) 


lI 


(Iç = 500 „Adc, Vcg = 5.0 Мас) 


10 mAdc, VcE = 5.0 Vdc) 


MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


MPS929 | MPS929A 
Symbol on MPS930A 


МСЕО 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 
Characteristic 


—55 to +150 


Symbol Max 
RaJc 83.3 


Unit 
°C/W 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 200 °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol Min Max Unit 
V(BR)CEO 45 — Vdc 
V(BR)CBO Vdc 
МР5929, МР5930 45 = 
MPS929A, MPS930A 60 — 
V(BR)EBO Vdc 
MPS929, MPS930 5.0 = 
MPS929A, MPS930A 6.0 = 
ІСЕО — 2.0 nAdc 
ІСВО nAdc 
MPS929, MPS930 
MPS929A, MPS930A 
MPS929, MPS930 = 10 
MPS929A, MPS930A = 2.0 
МР5929, MPS930 = pAdc 
МР5929А, MPS930A 


МР5929, MPS930 


MPS929A, MPS930A 


ПЕЕ = 

MPS929A 25 — 
МР$930А 60 — 
MPS929, MPS929A 40 120 
MPS930, MPS930A 100 300 
MPS929 10 — 
MPS929A 15 a 
MPS930 20 — 
MPS930A 30 — 
MPS929, MPS929A 60 — 
MPS930, MPS930A 150 -- 
MPS929, МР5929А 

МР5930, МР5930А 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


aa Characteristic | Symo | Ма | мах | Unt | 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 0.5 mAdc) MPS929, MPS930 1.0 
0.5 
VBE(sat) Vde 
0.6 
0.7 


MPS929A, MPS930A 


Base-Emitter Saturation Voltage(1) 
(с = 10 mAdc, lg = 0.5 mAdc) MPS929, MPS930 
MPS929A, MPS930A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 „Adc, МСЕ = 5.0 Мас, = 30 MHz) MPS929, MPS930 
MPS929A, MPS930A 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) МР5929, МР5930 
MPS929A, MPS930A 


Input Impedance 
ЧЕ = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) 


Voltage Feedback Ratio 
ЧЕ = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) MPS929, MPS929A 
MPS930, MPS930A 


Output Admittance 
(Ig = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Noise Figure 
(с = 10 рАас, Vcg = 5.0 Мас, MPS929, MPS929A 
Rs = 10 kohms, f = 10 Hz to 15.7 kHz) MPS930, MPS930A 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES 
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MPS929,A, MPS930,A 


FIGURE 3 — COLLECTOR SATURATION REGION FIGURE 4 — TEMPERATURE COEFFICIENTS 
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MPS2222 
MAXIMUM RATINGS MPS2222A* 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ TA = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case | Rac | 83 | см | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Sm | ма | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) MPS2222 
MPS2222A 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 Adc, ЈЕ = 0) MPS2222 60 
MPS2222A 75 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) MPS2222 
MPS2222A 


Pn 
Collector Cutoff Current ICEX = 
(УСЕ = 60 Мас, Уев(он) = 3.0 Мас) MPS2222A 


Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) MPS2222 
(Усв = 60 Мас, ЈЕ = 0) MPS2222A 
(Усв = 50 Мас, Іс = 0, Ta = 125°C) MPS2222 
(VCB = 50 Мас, ЈЕ = 0, Ta = 125°C) MPS2222A 


Emitter Cutoff Current 
(VEB = 3.0 Мас, Ic = 0) MPS2222A 


Base Cutoff Current 
(МСЕ = 60 Мас, Уев(он) = 3.0 Мас) MPS2222A 


ON CHARACTERISTICS 


DC Current Gain 
= 0.1 mAdc, Vcg = 10 Vdc) 

1.0 mAdc, Vcg = 10 Мас) 

10 mAdc, Vcg = 10 Vdc) 

10 mAdc, Vcg = 10 Мас, Ta = —55°C) MPS2222A only 
(с = 150 mAdc, Vcg = 10 Vdc)(1) 
(Ic = 150 mAdc, МСЕ = 1.0 Vdc)(1) 
(Ic = 500 mAdc, Vcg = 10 Vdc)(1) MPS2222 

MPS2222A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 150 mAdc, Ів = 15 mAdc) MPS2222 
MPS2222A 


(С = 500 mAdc, IB = 50 mAdc) MPS2222 
MPS2222A 


*Also available as a PN2222,A. 
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MPS2222, MPS2222A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


| Sms | Ma | Me [Unit] 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(lc = 150 mAdc, lg = 15 mAdc) MPS2222 
MPS2222A 
(с = 500 mAdc, lg = 50 тАас) MPS2222 
MPS2222A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) MPS2222 
MPS2222A 


Output Capacitance Cobo 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 
Input Capacitance Cibo 
(Veg = 0.5 Vdc, Іс = 0, f = 1.0 MHz) MPS2222 
MPS2222A 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MPS2222A 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS2222A 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS2222A 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS2222A 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS2222A 
(с = 10 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) MPS2222A 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MPS2222A 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 


Collector Base Time Constant 
ЧЕ = 20 mAdc, Vcg = 20 Мас, f = 31.8 MHz) MPS2222A 


5.0 
25 
Noise Figure 
(Ic = 100 uAdc, Vcg = 10 Мас, Rs = 1.0 КО, f = 1.0 kHz) MPS2222A 


SWITCHING CHARACTERISTICS MPS2222A only 


(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

ІС = 150 mAdc, lg1 = 15 mAdc) (Figure 1) 
(сс = 30 Мас, Ic = 150 mAde, 

ІВ1 = ІВ2 = 15 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) fT is defined as the frequency at which |hre| extrapolates to unity. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
*30 V +30 у 
—| | 1.0 о 100 us, DUTY 200 | 110% per ta 200 
*16 V CYCLE = 2%. +16 V ^ 
-2 
o 0 
егу 1k 
"m тко ісе" < 10 pF -14 V ІС5" < 10 pF 
N «2ns — > |< 20086: 1N914 —" 
Scope Rise Time < 4 ns 
d * Total shunt capacitance of test jig, 
connectors, and oscilloscope. 
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MPS2222, MPS2222A 


FIGURE 3 — DC CURRENT GAIN 
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MPS2222, MPS2222A 


FIGURE 7 — FREQUENCY EFFECTS FIGURE 8 — SOURCE RESISTANCE EFFECTS 
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FIGURE 9 — CAPACITANCES FIGURE 10 — CURRENT-GAIN BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 


THERMAL CHARACTERISTICS 


625 
5.0 


—55 to +150 


> 


= 4.5 


mAdc 


es 
eG 


Symbol | Мак Unit 
Thermal Resistance, Junction to Ambient Код 200 °C/W 


MPS2369 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


| Symbol | Min | тур | Mex | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 10 „Adc, УВЕ = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 


(Усв = 20 Мас, ЈЕ = 0) 
(VCB = 20 Мас, lp = 0, Ta = 125°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, УСЕ 
(Ic = 10 mAdc, VcE = 1.0 Vdc, TA = 
(с = 100 mAdc, Vcg = 2.0 Мас) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 


1.0 Vdc) 


Small-Signal Current Gain 
(с = 10 mAdc, МСЕ = 


SWITCHING CHARACTERISTICS 


Storage Time 
(181 = 182 = 
Turn-On Time 

(Vcc = 3.0 Мас, Ic = 


lc = 10 mAdc) 


10 mAdc, 1в1 


10 Vdc, f = 100 MHz) 


(Figure 3) 


V(BR)CEO 


V(BR)CES 
V(BR)CBO 
V(BR)EBO 


ICBO 


— 55°C) 


VCE(sat) 


3.0 mAdc) (Figure 1) 


Turn-Off Time toff 
(Vcc = 3.0 Мас, Іс = 10 mAdc, въ = 3.0 mAdc, 
ІВ2 = 1.5 mAdc) (Figure 2) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


20 


Бава 
E 
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MOTOROLA SEMICONDUCTORS 


MPS2369 


—>| ıı þe- 30V 


+106 V —— 
-15V 


= је—<1 05 33k 


PULSE WIDTH (ty) = 300 ns 
DUTY CYCLE #2 0% = 


— m 


*1075 V —-, 


FIGURE 1 — ton CIRCUIT 
Cs* <4 0 pF 


FIGURE 2 — тон CIRCUIT -415У es 
<10% 


PULSE WIDTH (11) = 300 ns 
DUTY CYCLE = 2 0% 


FIGURE 3 — STORAGE TEST CIRCUIT 


PULSE WIDTH Ну) © 300 ns 
DUTY CYCLE - 20 


“Total shunt capacitance of test jig and connectors 
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MAXIMUM RATINGS р MPS27 14 
[Gaesoemmer vog | veo | № | va | 
Сва 


Emitter-Base Voltage VEBO 


Vdc 
Vdc 
Collector Current — Continuous | c | 20 | mad | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 


Total Device Dissipation (а Tc = 25°C 
Derate above 25°C А 


Operating and Storage Junction ТЈ, Tstg | - 5510 +150 "с 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbo | Ma | Unt | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RaJA(1) 


(1) Волд is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| бес | Symbo | win | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(Ic = 1.0 тАдс, Ip = 0) 


Collector Cutoff Current 
(Vcg = 18.0 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(VBE = 5.0 Мас, Ic = 0) 
ПЕЕ 


ON CHARACTERISTICS 


DC Current Gain 75 
(с = 2.0 mAdc, Vcg = 4.5 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 50 mAdc, Ів = 3.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 50 mAdc, Ів = 3.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) 


Input Impedance 
(с = 0.5 mAdc, Vcg = 1.0 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 2.0 mAdc, Vcg = 4.5 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 
Delay Time 
(с = 10 mA, Ір1 = 3.0 mA, Vcc = 10 V) 


(с = 10 mA, 181 = 30 mA, 182 = 1.0 mA, 
Fall Time Усс = 10 V) 
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MPS2907 
MPS2907A MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR THERMAL CHARACTERISTICS 


| e Characteristic — | Symbol | | Max | Unit 
Thermal Resistance, Junction to Case | Rec | 833 | °C/W 


Thermal Resistance, Junction to Ambient 200 °C/W E 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbo | ма | Max | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) MPS2907 
МР52907А 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current ICEX 
(VcE = 30 Мас, VBE(off) = 0.5 Мас) 


Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) MPS2907 
MPS2907A 


(Vcg = 50 Мас, lp = 0, Ta = 125°C) MPS2907 
MPS2907A 


Base Current 

(УСЕ = 30 Vdc, VBE(off) = 0.5 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 


(с = 0.1 mAdc, Vcg = 10 Vdc) MPS2907 
МР52907А 


йс = 1.0 mAdc, Vcg = 10 Мас) MPS2907 
MPS2907A 


(Ic = 10 mAdc, Vcg = 10 Мас) MPS2907 
MPS2907A 


(Ic = 150 mAdc, Vcg = 10 Мас)(1) МР52907, MPS2907A 


(Ic = 500 mAdc, Vcg = 10 Vdc)(1) MPS2907 
MPS2907A 


Collector-Emitter Saturation Voltage(1) 
(с = 150 mAdc, Ів = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(с = 150 mAdc, Ів = 15 mAdc) 
(с = 500 mAdc, Ів = 50 mAdc) 
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MPS2907, MPS2907A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
a ава [иа ры юш 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1),(2) 
(Ic = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Vdc, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 2.0 Мас, lc = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


= (Усс = 30 Мас, Іс = 150 mAdc, 
Belay Tate ІВ1 = 15 тАдс) (Figures 1 and 5) 


(Vec = 6.0 Мас, [С = 150 mAdc, 
Въ = ІВ2 = 15 тАдс) (Figure 2) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) f is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 — DELAY AND RISE FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 

INPUT — 30 v INPUT 

Zo = 500 Zo = 500 *15V -6.0 V 

PRF = 150 PPS 200 PRF = 150 PPS 

RISE TIME < 2.0 ns RISE TIME = 2.0 ns 

P.W. < 200 ns P.W. < 200 ns 

TO OSCILLOSCOPE 0 ТО OSCILLOSCOPE 

0 RISE TIME < 5.0 ns RISE TIME < 5.0 ns 


—16 V 


«яр 
ИД : pua 


TYPICAL CHARACTERISTICS 


FIGURE 3 — DC CURRENT GAIN 
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MPS2907, MPS2907A 


FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 5 — TURN-ON TIME FIGURE 6 — TURN- TT] Pr 


t, TIME (ns) 
t, TIME (ns) 


РЕН HT 
30 GL ра е ша EH 
50 7.0 10 20 30 50 70 100 200 300 500 52D 70 10 2) 30 60 70 № 200 300 500 


Ic, COLLECTOR CURRENT Ic, COLLECTOR CURRENT (mA) 


TYPICAL SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
Vcg = 10 Мас, TA = 25°C 


FIGURE 7 — FREQUENCY EFFECTS FIGURE 8 — SOURCE RESISTANCE EFFECTS 
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MPS2907, MPS2907A 


FIGURE 9 — CAPACITANCES FIGURE 10 — CURRENT-GAIN — BANDWIDTH PRODUCT 
УНА š ШЕЕ ШЕ ЖЕ!!! 
577 - m АН 
ІШІ! 5 til 
ка 
qnin: Җи! шан 
S ЕЕЕ = Ш 
š БЕН! Я ЕА 
: ип! š ЕА 
II š ЧИШ ТОШ 
ШІ js 
1.0 2.0 50 10 20 50 100 200 500 1000 
REVERSE VOLTAGE (VOLTS) Іс, COLLECTOR CURRENT (mA) 
FIGURE 11 — "ON" VOLTAGE FIGURE 12 — TEMPERATURE COEFFICIENTS 
5 Е 
= = 
ui 411 
8 | 
| 
VCE(sat) 8 1C/IB = 10 
"iet ІІ | | 
01 02 05 10 20 50 10 20 50 100 200 500 0.1 0.2 05 10 20 50 10 20 50 100 200 500 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
SMALL-SIGNALDEVICES МОТОВОГА SEMICONDUCTORS 


2-107 


MPS3390 
thru 
MPS3398 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


VcBO 
VEBO 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Ambient 


Ty, Tstg 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Symbol 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 


Collector Cutoff Current (сво 
(Vcg = 18 Мас, ЈЕ = 0) 
Emitter Cutoff Current 1 


Мев = 5.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain 


(УСЕ = 4.5 Мас, Іс = 2.0 mAdc) MPS3390 
MPS3391 
MPS3392 150 
MPS3393 90 
MPS3394 55 
MPS3395 150 
MPS3396 90 
MPS3397 


MPS3398 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 V, lg = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


hfe 


(МСЕ = 4.5 V, [С = 2.0 mA, f = 1.0 kHz) MPS3390 400 
MPS3391 250 
MPS3392 150 
MPS3393 90 
MPS3394 55 
MPS3395 150 
MPS3396 90 
MPS3397 55 


MPS3398 


Symbol Value 
МСЕО 25 


MOTOROLA SEMICONDUCTORS 
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25 


Collector Current — Continuous Ic 100 


—55 to +150 


300 
180 
110 
500 
500 


1250 
800 
500 
400 
300 
800 
800 
800 


| Unit | 


SMALL-SIGNAL DEVICES 


MPS3391A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation (v Тс = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Мах | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | w | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Ce — — (à ms | Me | We | ma] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 mAdc, Ів = 0) 


Collector Cutoff Current 
(Vcg = 25 Мас, ЈЕ = 0) 
(Усв = 25 Мас, lg = 0, TA = 100°C) 


Emitter Cutoff Current 
(Veg = 5.0 “ас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 250 
(Ic = 2.0 mAdc, Vcg = 4.5 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(св = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Current Gain — High Frequency 


(С = 100 шАдс, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(с = 100 дАдс, Vcg = 4.5 Мас, Rg = 5.0 kohms, f = 10 Hz to 15.7 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS3402 
MPS3403 


MAXIMUM RATINGS 


Rating Symbol Value 


| Collector-Emitter Voltage | Мю | — 25 | ve | 
Усво 25 ас 
Emitter-Base Voltage VEBO | 50 | Vdc 


Total Device Dissipation @ TA = 25°C Pp 625 mW 
Derate above 25°C 5.0 mW^C 


Total Device Dissipation @ Tc = 25°C Рр 1.5 Watts 
Derate above 25°C М/С 


12 
Operating and Storage Junction TJ, Tstg | —55 to +150 “С 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unt | 
Thermal Resistance, Junction to Case | Ruc | 833 | “w | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


NPN SILICON 


Refer to MPS8098 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | ма | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 25 Vdc 
(с = 100 дА) 


Emitter-Base Breakdown Voltage У(ВВ)ЕВО 
(lp = 10 ДА) 
Collector Cutoff Current 
(Vcg = 18 V) 
(Vcg = 18 V, TA = 100°C) 
Emitter Cutoff Current 
(УВЕ = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 2.0 mA, УСЕ = MPS3402 
(с = 2.0 mA, Vcg = MPS3403 
Collector-Emitter Saturation Voltage VCE(sat) 
(С = 50 mA, Ів = 3.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) 
(с = 50 mA, Ів = 3.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(с = 2.0 mA, Vcg = 4.5 V, f = 1.0 kHz) 


(Ic = 2.0 mA, Vcg = 4.5 V, f = 1.0 kHz) 


_____—————-—————-—-—-—-—-——— 
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MPS3404 


MAXIMUM RATINGS MPS3405 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


__ Cmamteisic | Symb! | м | Mex | Unit | 


OFF CHARACTERISTICS 


Refer to MPS8098 for graphs. 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic — 1.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(lc = 100 дА) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 uA) 


Collector Cutoff Current ICBO 
(Vcg = 18 V) nA 
uA 
S Би LS uud 
(Ic = 2.0 mA, УСЕ MPS3404 


(VcB = 18 V, TA = 100°C) 
Emitter Cutoff Current 
(УВЕ = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain hrE 

75 

(Ic = 2.0 mA, МСЕ MPS3405 180 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 50 mA, Ів = 3.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 50 mA, Ів = 3.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 
Small-Signal Current Gain 


ии 


1.0 kHz) MPS3404 


(Ic = 20 mA, Vcg = 4.5 V, f = 
(Ic = 2.0 mA, Vcg = 4.5 V, f = 1.0 kHz) MPS3405 


MPS3563 For Specifications, See MPS918 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS3565 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N4400 for graphs. 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 
Total Power Dissipation @ TA = 60°C 


Total Device Dissipation (а Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 


| Symbol | 


Thermal Resistance, Junction to Ambient АЈА 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(Ic = 100 pA) 

Collector-Emitter Breakdown Voltage 
(с = 2.0 mA) 

Emitter-Base Breakdown Voltage 
ЧЕ = 10 дА) 

Collector Cutoff Current 


(Vcg = 25 V) 
(VCB = 25 V, TA = 65°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 LA, VCE 
(С = 1.0 mA, УСЕ 
Collector-Emitter Saturation Voltage 
(Ic = 1.0 mA, Ів = 0.1 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 V, f = 1.0 MHz) 
Small-Signal Current Gain 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 20 MHz) 
(Ic = 10 mA, VcE = 5.0 V, f = 1.0 kHz) 


ии 


MOTOROLA SEMICONDUCTORS 


Vde 
V(BR)CEO(sus) Vde 


— 


V(BR)EBO 


Vdc 


SMALL-SIGNAL DEVICES 


2-112 


MPS3566 


MAXIMUM RATINGS 


Rating Symbol Value i 

Collector-Emitter Voltage VCEO 30 CASE 29-02, STYLE 1 
Collector-Base Voltage VCBO | __| ТО-92 (ТО-226АА) 
Emitter-Base Voltage VEBO 5.0 
Collector Current — Continuous Ic 200 
Total Device Dissipation @ Ta = 25°C Pp 625 

Derate above 25°C 5.0 

кеш Y с ле == НЕ 

Total Power Dissipation @ Ta = 60°C Pp 450 
Total Device Dissipation @ Tc = 25°C 1.5 

Derate above 25°C 12 
Operating and Storage Junction TJ, Tstg —55 to +150 

Temperature Range GENERAL PURPOSE 

TRANSISTOR 
THERMAL CHARACTERISTICS 
NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 мене | Symb! | Ма | мах | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 
(с = 30 mA) 
Collector-Base Breakdown Voltage 
(Ic = 100 uA) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 uA) 
Collector Cutoff Current 


(Усв = 20 V) 
(Vcg = 20 V, TA = 75°C) 


Emitter Cutoff Current 
(УВЕ = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 10 mA, Vcg = 10 V) 
(Ic — 2.0 mA, Vcg - 10 V) 
Collector-Emitter Saturation Voltage 
(Ic = 100 mA, Ів = 10 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 V, = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 30 mA, Vcg = 10 V, f = 20 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS3567 
MPS3568 
MPS3569 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


МР53567|МР53568 
Rating MPS3569) 
Collector-Emitter Voltage VcEO 40 | 6 | vd | 
Усво сесі | vac | 


Vdc 
Vdc 
| Мево | 50 f Vd | 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Collector-Base Voltage 
Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


Thermal Resistance, Junction to Case Нес 
Thermal Resistance, Junction to Ambient | Rua | 20 | 


Refer to 2N4400 for graphs for MPS3567, 3569.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(с = 30 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(с = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 40 Vdc, lg = 0) 
(Усв = 40 Мас, ЈЕ = 0, ТА = 75°C) 


Emitter Cutoff Current 
(VEB = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 30 mAdc, Vcg = 1.0 Мас) 


(Ic = 150 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage 
(С = 150 mAdc, lg = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


VCEO(sus) 


MPS3567, MPS3569 
MPS3568 


V(BR)CBO 


V(BR)EBO 


MPS3567, MPS3568 
MPS3569 


MPS3567, MPS3568 
MPS3569 


VCE(sat) 


VBE(sat) 


Current-Gain — Bandwidth Product(1) fT 
(с = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 


(Vcg = 10 V, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vdc, Іс = 0, f = 1.0 MHz) 


*Refer to MPS8098 for graphs for MPS3568. 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ T, 
Derate above 25°C mW/^C 


Operating and Storage Junction ТЈ, Таја | -55to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Mex | Unt | 
Thermal Resistance, Junction to Case | Ruc | 833 | œw | 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | °C/W 


(1) Вајд is measured with the device soldered into a typical printed circuit board. 


с = 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | Mex | Unit | 


OFF CHARACTERISTICS 


MPS3638 
MPS3638A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


Collector-Emitter Breakdown Voltage 
(Ic = 100 „Adc, Мве = 0) 


Collector-Emitter Sustaining Voltage(1) 
(Ic = 10 тАдс, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, lg = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(МСЕ = 15 Мас, УВЕ 
(МСЕ = 15 Vdc, VBE 


Emitter Cutoff Current 
Мев = 3.0 V, Ic = 0) 


Base Current 
(УСЕ = 15 Мас, УВЕ = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 1.0 mAdc, МСЕ = 


0) 
0, TA = 


H | 


ии 


— 65°C) 


10 Vdc) 


MPS3638A 


= 10 mAdc, Vcg = 10 Vdc) MPS3638 


MPS3638A 


(Ic 


50 mAdc, VcE = 1.0 Vdc) MPS3638 


MPS3638A 


(с = 


300 mAdc, Vcg = 2.0 Vdc) MPS3638 


MPS3638A 


(Ic 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ів = 2.5 mAdc) 
(Ic = 300 mAdc, Ів = 30 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ів = 2.5 mAdc) 
(С = 300 mAdc, IB = 30 mAdc) 


к= T= DR 
ЬЕ 
ке те Г Mal 
| = | al el 


VCE(sat) 
VBE(sat) 
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MOTOROLA SEMICONDUCTORS 


MPS3638, MPS3638A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symboli | Min | Max Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(УСЕ = 3.0 Мас, Іс = 50 тАас, f = 100 MHz) MPS3638 
MPS3638A 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) MPS3638 
MPS3638A 


Input Capacitance 
(УВЕ = 0.5 Vdc, lc = 0, f = 1.0 MHz) MPS3638 
MPS3638A 


Input Impedance 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3638 
MPS3638A 


Small-Signal Current Gain 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3638 
MPS3638A 


Output Admittance 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Rise Time 


Turn-Off Time (Ic = 300 mAdc, Івт = 30 mAdc, |82 = 30 mAdc) 


(Усс = 10 Мас, Іс = 300 mAdc, td = БЕСЕНШЕТЕН 
ІВ1 - 30 тАас) ~ = = = 
ts 


140 ns 
70 ns 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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SMALL-SIGNAL DEVICES 


MPS3640 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
пт | ve 
. мас 
с mAdc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


__ Characteristie | Symb! | Mi | Me | Unt | 
OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage (lg = 100 џАдс, Ic = 0) V(BR)EBO 


6.0 Мас, УВЕ = 0) 
6.0 Мас, VBE = 0, Ta = 65°C) 


Collector Cutoff Current (Vcg 
(МСЕ 


ON CHARACTERISTICS(1) 


DC Current Gain (Іс = 10 mAdc, Vcg = 0.3 Vdc) 
(с = 50 mAdc, Vcg = 1.0 Vac) 


Collector-Emitter Saturation Voltage = 10 mAdc, lg = 1.0 mAdc) 
= 50 mAdc, в = 5.0 mAdc) 
= 10 mAdc, lg = 1.0 mAdc, Ta = 65°C) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 0.5 mAdc) VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) fT 500 = 
Output Capacitance (Vcg = = 5.0 Мас, lg = 0, f = 1.0 MHz) Cobo — 3.5 
Cibo = 3.5 


SWITCHING CHARACTERISTICS 


(Усс = 60 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 Мас, 
oe tr = 
(Vcc = 6.0 Vde, Ic = 50 mAdc, Ig = 182 = 50 тА) | ts | — | 20 | ms | 


Turn-On Time 
(Усс = 6.0 Мас, Іс = 50 mAdc, VgE(off) = 1.9 Мас, въ = 5.0 mAdc) 
1.5 Мас, Іс = 10 mAdc, въ = 0.5 mAdc) 


Turn-Off Time 
6.0 Мас, Іс = 50 mAdc, VgE(off) = 1.9 М, въ = 1в2 = 5.0 mAdc) 
1.5 Мас, Іс = 10 mAdc, въ = 182 = 0.5 тАдс) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


H H 
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MPS3640 
FIGURE 1 


Увв =+1.9 V 


Усс = -6.0 V 


0 с 
У 
-6.8 V Ут 


TO SAMPLING SCOPE 
PULSE SOURCE 


Input Z 7100 k 
Rise Time < 1.0 ns Rise Time = 1.0 ns 
Pulse Width 7100 ns = = 
Zin = 50 Ohms 
Fall Time=1.0ns NOTES: Collector Current = 50 mA, Turn-On and Turn-Off Time 


Base Currents = 5.0 mA. 


FIGURE 3 — DC CURRENT GAIN 
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FIGURE 5 — COLLECTOR SATURATION REGION 
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FIGURE 7 — CURRENT-GAIN -BANDWIDTH PRODUCT 
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FIGURE 2 
Voc = 1.5 У 


VBB = -6.0 V 


5.0 V Vout 
| | 0.1 uF 1 
0 Vin 


TO SAMPLING SCOPE 

PULSE SOURCE 51 Input Z 2100 k 

Rise Time < 1.0 ns Rise Time= 1.0 ns 

Pulse Width =200 ns = 

Zin = 50 Ohms № 

Fall Time 1.0 пз NOTES: Collector Current = 10 mA, Turn-On and Turn-Off Time 
Base Currents = 0.5 mA. 


FIGURE 4 — "ON" VOLTAGES 


m @ Ic/lg = а 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 


"APPLIES FOR Ic/Ip < hrE/4 aaa 
Е LLL 


Oy, TEMPERATURE COEFFICIENT (mV/0C) 


t— Raye FOR Vee 
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FIGURE 8 — CAPACITANCE 
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MAXIMUM RATINGS 


MPS3644 
MPS3645 


MPS3644 
MPS3645 


Collector-Emitter Voltage 


Collector-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


—55 to +150 °С 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(1) 


(с = 10 mA) 


MPS3644 
MPS3645 


Collector-Base Breakdown Voltage (lc = 100 uA) 


Emitter-Base Breakdown Voltage (lg = 10 uA) 


Collector Cutoff Current 
(се = 30 Мас) 
(УСЕ = 50 Vdc) 
(УСЕ = 30 Мас, @ Ta = 65°C) 
(УСЕ = 50 Мас, @ ТА = 65°С) 


MPS3644 
MPS3645 
MPS3644 
MPS3645 


= 100 мА, VcE = 10 Vdc) 
= 1.0 mA, Vcg = 10 Мас) 

10 mA, Vcg = 10 Мас)(1) 

50 mA, Vcg = 1.0 Vdc)(1) 

150 mA, Vcg = 10 Vdc)(1) 

300 mA, Vcg = 2.0 Мас)(1) 
(lc = 50 mA, IB = 2.5 mA)(1) 
(lc = 150 mA, lg = 15 mA)(1) 
(Ic = 300 mA, IB = 30 mA)(1) 
(Ic = 50 mA, Ig = 2.5 тА)(1) 
(Ic = 150 mA, Ів = 15 mA)(1) 
(с = 300 mA, Ів = 30 тА)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Emitter Saturation Voltage 


Base-Emitter Saturation Voltage 


Input Impedance (lc = 10 mA, Vcg = 10 Vdc, f = 1.0 kHz) 


MPS3644 
MPS3645 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


| vereso | 50 | | 


иа Мас 


Jas: 


Voltage Feedback Ratio 
Small-Signal Current Gain (Ic 


(Ic = 10 mA, Vcg = 10 Vde, f = 1.0 kHz) 


20 mA, УсЕ = 20 Мас, f = 100 MHz) 
(Ic = 10 mA, VcE = 10 Vde, f = 1.0 kHz) 


Output Admittance (lc = 10 mA, Vcg = 10 Мас, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS (FIGURE 1) 


Turn-On Time (lc = 300 mA, въ = 30 mA) 


(Ic = 300 mA, въ = Ів2 = 30 mA) 


Turn-Off Time 


(1) Pulse Width = 


300 usec., Duty Cycle = 1.0%. 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Rating Symbol Value | Unit | 
Collector-Emitter Voltage VCEO 15 Vdc 
Collector-Emitter Voltage УСЕ5 40 Мас 


Collector-Base Voltage VcBO 40 Vdc 


VEBO 
Collector Current — Continuous lc 
— 10 us Pulse 


MPS3646 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Refer to 2N4264 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unt | 


Collector-Emitter Breakdown Voltage (Ic = 100 „Adc, Мве = 0) 


Collector-Emitter Sustaining Voltage(1) (Іс = 10 mAdc, Ів = 0) VCEO(sus) | 1& | —: | № | 
Collector-Base Breakdown Voltage (lc = 100 „Adc, ЈЕ = 0) V(BR)CBO | a | — | ш | 


Emitter-Base Breakdown Voltage (Е = 100 дАдс, Iç = 0) V(BR)EBO 


OFF CHARACTERISTICS 


Collector Cutoff Current (Vcg = 20 Vdc, МВЕ = 0) ICES 
(УСЕ = 20 Vdc, VBE = 0, Ta = 65°С) 


ON CHARACTERISTICS(1) 


DC Current бат (Ic = 30 mAdc, Vcg = 0.4 Vdc) hFE 
(Ic = 100 mAdc, VcE = 0.5 Vdc) 
(Ic = 300 mA, МСЕ = 1.0 Мас) 


Collector-Emitter Saturation Voltage (Іс = 30 mAdc, Ів = 3.0 mAdc) VCE(sat) 
(с = 100 mAdc, lg = 10 mAdc) 
(с = 300 mAdc, lg = 30 mAdc) 

= 30 mA, lg = 3.0 mA, TA = 65°C) 


30 тАас, lg = 3.0 mAdc) VBE(sat) 
100 mAdc, lg = 10 mAdc) 
300 mAdc, Ів = 30 mA) 


Base-Emitter Saturation Voltage (lc 
(Ic 
(Ic 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 30 mAdc, МСЕ = 10 Мас, f = 100 MHz) 


N" 


L 


Output Capacitance 
(VcB = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


BES 


: (Усс = 10 Мас, VBE(off) = 3.0 Мас, Іс = 300 mAdc, 
Delay Time ІВ1 = 30 mAdc) (Figure 1) 
Rise Time 


Turn-Off Time (Усс = 10 Мас, Ic = 300 mAdc, въ = Ів2 = 30 mAdc) 
Fall Time (Figure 1) 


Storage Time 
(Усс = 10 Мас, Іс = 10 mAdc, въ = Ів2 = 10 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS3646 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT 


-3.0 V табу +11 V +10 V 


10% Pulse 
Waveform at 


To Sampling Scope 
tr < 1.0 ns 890 
Zin = 100 КО 


0.1 
о Vi 


trtf «1.0 ns Vout 

Pulse Width Z 240 ns 50 

Zin = 50 M — 0 То Sampling Scope 

% š м; + € 1.0 ns 
-10 V m 56 Zin = 100kQ 
tr < 1.0 ns 
Pulse Width = 300 ns = = 
Duty Cycle = 2.0% 
Zin = 502 
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MPS3702 
MPS3703 


M diee 1 MAXIMUM RATINGS 


тшш | Symbol меылаығсана ом | 
| оолалогеттаг Vonage — | vero | 25 | 9 | № | 
a ы we 


Collector Current — Continuous | 60 | mad | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW^C 
Operating and Storage Junction T Tstg —55 to +150 
Temperature Range 
AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS 


PNP SILIGON Symbol | Ma | Unt | 
Thermal Resistance, Junction to Ambient | Raa | 02 | w | 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 тАас, Ів = 0) MPS3702 
MPS3703 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 дАдс, ЈЕ = 0) MPS3702 
MPS3703 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current ІСВО 
(Vcg = 20 Мас, |с = 0) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 50 mAdc, Vcg = 5.0 Мас) MPS3702 
MPS3703 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter On Voltage(1) VBE(on) 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Vdc, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS3704 
thru 
MPS3706 


MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Ic 
Operating and Storage Junction TJ, Tstg —55 to + 150 % 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Characteristic | Symbol | Max | Unt | NPN SILICON 
Thermal Resistance, Junction to Ambient | Raa | б> | % | 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [sms [ме | Me [бн | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 тАдс, ЈЕ = 0) MPS3704 
MPS3705 
MPS3706 


Collector-Base Breakdown Voltage 
(с = 100 „Adc, Ip = 0) MPS3704 
MPS3705 
MPS3706 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 50 mAdc, Vcg = 2.0 Мас) MPS3704 
MPS3705 
MPS3706 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 100 mAdc, Ig = 5.0 mAdc) MPS3704 
MPS3705 

MPS3706 


Base-Emitter On Voltage(1) VBE(on) 
(с = 100 mAdc, Vcg = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 2.0 Мас, = 20 MHz) 


Output Capacitance 
(Усв = 10 Мас, lp = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS3707 


MPS3710 MAXIMUM RATINGS 

Г туы saa] 
MPS3711 аланина eg | Ж 
Collector-Base Voltage | vo | 3 | 
Emitter-Base Voltage | Мево | 60 | 
Oo | k | dk Tasa 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ TA = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | Max | Unit | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 
Thermal Resistance, Junction to Case | Rac | 833 | °C/W 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic | Symb! | м | Мак | Unt | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO V 
(с = 1.0 mAdc, Ів = 0) 

Collector Cutoff Current сво nA 
(Vcg = 20 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 6.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 100 „Adc, Vcg = 5.0 Мас) MPS3707 


(С = 1.0 mAdc, МСЕ = 5.0 Мас) MPS3710 
MPS3711 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 0.5 mAdc) 


Base-Emitter On Voltage 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(с = 100 „Адс, Vcg = 5.0 Мас, f = 1.0 KHz) MPS3707 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 KHz) MPS3710 
MPS3711 


Noise Figure(1) 
(УСЕ = 5.0 V, Ic = 100 дА) MPS3707 
(Rg = 5.0 KQ, Noise Bandwidth = 15.7 KHz) 


(1) Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 c/s. 
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MPS3866 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


(Characteristic әуе | мк | Unt | 
Thermal Resistance, Junction to Case | Ruc | 833 | см | 
Thermal Resistance, Junction to Ambient | Raa | 20 | см | 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 ане O Symb! | м | Mex | Um | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VCER(sus) Vdc 
(с = 5.0 mAdc, RBE = 10 2) 
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(Ic = 5.0 mAdc, Ів = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 „Adc, Іс = 0) 
Collector Cutoff Current IcEO 
(Усе = 28 Vdc, lg = 0) 
Collector Cutoff Current 


(УСЕ = 30 Мас, УВЕ = - 1.5 Vdc (Rev.), Тс = 150°C) 
(МСЕ = 55 Мас, УВЕ = - 1.5 Мас (Rev.) 


Emitter Cutoff Current 
(УВЕ = 3.5 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 360 mAdc, МСЕ = 5.0 Vdc)(1) 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ів = 20 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcg = 28 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Усс = 28 Мас, Рош = 1.0 W, f = 400 MHz) 


ІШ! 


Collector Efficiency 
(Усс = 28 Мас, Рош = 1.0 W, f = 400 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS3866 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


C5 L5 T 
RF Inputs 
Inputs 
C1: 3.0 35 pF 
C2, C5: 8.0 60 pF 
C3: 12 pF 
C4: 1000 pF 
C6: 0.9-7.0 pF 
L1: Two turns #18 Wire, 
1/4” ID, 1/8” long 
L2: FERRITE RF Choke, 
One Turn, z= 450 Ohms Ж 
13,14: RF Choke, 0.1 uH 28 Vac 
L5: 2-3/4 Turns, 418 Wire, Ы 
1/4” ID, 3/16” long = 
R1: 5.6 Ohms 
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MPS3903 
MPS3904 


MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Vd 
Vd 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 1.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 

(Ic = 10 дАдс, lg = 0) 
Emitter-Base Breakdown Voltage 

ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current 

(МСЕ = 30 Мас, УЕВ(о#) = 3.0 Мас) 


Base Cutoff Current 
(УСЕ = 30 Мас, Уев(он) = 3.0 Мас) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 0.1 mAdc, Vcg = 1.0 Мас) MPS3903 
MPS3904 


1.0 mAdc, Vcg = 1.0 Мас) MPS3903 


МР53904 


(Ic = 


10 mAdc, Vcg = 1.0 Мас) МР53903 


МР53904 


(Ic = 


50 mAdc, Veg = 1.0 Мас) МР53903 


МР53904 


(Ic = 


100 mAdc, МСЕ = 


1.0 Vdc) МР53903 


МР53904 


30 — 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 0.85 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 1.0 


Ic = 
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MPS3903, MPS3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Sua | Mm | Me | Um 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) MPS3903 
MPS3904 


Output Capacitance 
(Vcg = 5.0 Vde, lp = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3903 
МР53904 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) МР53903 
МР53904 


Small-Signal Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3903 
MPS3904 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 дАдс, МСЕ = 5.0 Мас, Rs = 1.0 КО, MPS3903 
f = 10 Hz to 15.7 kHz) MPS3904 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Мас, VBE(off) = 0.5 Мас, 


Storage Time MPS3903 
(Усс = 3.0 Мас, Іс = 10 мАас, МР53904 


Ға!! Тіте lg1 = ІВ2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


EQUIVALENT SWITCHING TIME TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
300 ns — — +3.0 V 10 < t4 < 500 us = ч + +3.0 V 
Duty Cycle = 2% Waka s 275 Duty Cycle = 2% ы 275 
| 10k 
— - > Е А 
-0.5 V | = 


с; < 4.0 pF* 
<1.0 ns — не ITI 


1N916 


= -ол V—!- 
-- pe <1.0 ns + 


*Total shunt capacitance of test jig and connectors 
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MPS3903, MPS3904 


TYPICAL NOISE CHARACTERISTICS 
(УсЕ = 5.0 Vde, TA = 25°C) 


FIGURE 3 — NOISE VOLTAGE FIGURE 4 — NOISE CURRENT 


Bandwidth 


en, NOISE VOLTAGE (nV) 
In, NOISE CURRENT (pA) 


0 20 50 100 200 500 10k 20k 50k 10k |^ Š 200 500 10% 20k 
t, FREQUENCY (Hz) + FREQUENCY (Hz) 


NOISE FIGURE CONTOURS 
(МСЕ = 5.0 Мас, TA = 25°C) 


FIGURE 5 — NARROW BAND, 100 Hz FIGURE 6 — NARROW BAND, 1.0 kHz 
500 k 10M == — 
Г НН 500 k == = === = 
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m 200 —J == 
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1с, COLLECTOR CURRENT (uA) Ic, COLLECTOR CURRENT (uA) 


FIGURE 7 — WIDEBAND 


500 k 
200 k 
5 100 k Noise Figure is Defined as 
z 50k 
ы 20k 2% г 2а 24e 
Е n NF - 20 eof ИВА M. Не 
É Ne 4KTRs 
mH en = Noise Voltage of the Transistor referred to the input. (Figure 3) 
сс 
ш ык Іп = Noise Current of the transistor referred to the input (Figure 4) 
10k И 
5 " = К -Boltzman's Constant (1.38 x 10°23 j/9K) 
p = - | T =Temperature of the Source Resistance (°K) 
Ф 200 — z - 
on = Rs = Source Resistance (Ohms) 
50 H 
1 


= I Li 
10 20 30 50 70 100 200 300 500 700 
Ic, COLLECTOR CURRENT (А) 
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MPS3903, MPS3904 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 8 — DC CURRENT GAIN 
400 
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FIGURE 9 — COLLECTOR SATURATION REGION FIGURE 10 — COLLECTOR CHARACTERISTICS 
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IB, BASE CURRENT (mA) УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
FIGURE 11 — “ON” VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MPS3903, MPS3904 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 13 — TURN-ON TIME 
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FIGURE 15 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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ІТ, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) 


FIGURE 17 — INPUT IMPEDANCE 


МСЕ = 10 Мас 


hie, INPUT IMPEDANCE (ко) 
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0 


FIGURE 14 — TURN-OFF TIME 
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FIGURE 16 — CAPACITANCE 
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FIGURE 18 — OUTPUT ADMITTANCE 
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MOTOROLA SEMICONDUCTORS 


MPS3903, MPS3904 


FIGURE 19 — THERMAL RESPONSE 


DUTY CYCLE, D = t1/t2 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN | 
READ TIME AT ty (SEE AN-569) 


ZgJA(t) = (1) • Ra JA 
TJ (pk) -TA = P(pk) Z&JA(t) 


ТЕ feat g: 
ТЕЕ саа L TTHIIIL LL LH 
PPT TT AT HL ГРИТ 
шини!!! E zu 
ШШ aM 
0 50 


r(t), TRANSIENT THERMAL RESISTANCE 


| РЕМ ЕЦ g 
T ШЇ rr CLIE ПШ 


001 002 005 01 02 05 10 20 50 0 2 100 200 500 10k 20k БОК 10k 20k 50k 100k 
t, TIME (ms) 
FIGURE 19A DESIGN NOTE: USE OF THERMAL RESPONSE DATA 
A train of periodical power pulses can be represented 
E by the model as shown in Figure 19A. Using the model and 
= the device thermal response the normalized effective 
= transient thermal resistance of Figure 19 was calculated 
z = for various duty cycles. 
8 To find 204А1). multiply the value obtained from 
5 Figure 19 by the steady state value RJA. 
s Example: 
а The MPS3903 is dissipating 2.0 watts peak under the 
S following conditions: 
{1 = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 the reading of r(t) is 0.22. 
ТЈ, JUNCTION TEMPERATURE (°C) The peak rise in junction temperature is therefore 
AT = r(t) x P(pk) x Војд = 0.22 x 2.0 200 = 88°C. 
For more information, see AN-569. 
FIGURE 20 
100 m1 
E mmm Е The safe operating area curves indicate Іс-МСЕ limits 
£ of the transistor that must be observed for reliable oper- 
Е 100 ation. Collector load lines for specific circuits must fall 
& 60 below the limits indicated by the applicable curve. 
2 al The data of Figure 20 is based upon T J(pk) = 150°C; 
5 Tc or ТА is variable depending upon conditions. Pulse 
a 20 TJ = 150°C š curves are valid for duty cycles to 10% provided T J(pk) < 
8 + + -—- 150 C. T (pk) may be calculated from the data in Figure 
5510 -—— 111 nM deas 19. At high case or ambient temperatures, thermal limi- 
ECOND BREAKDOWN LIMIT = tations will reduce the power than can be handled to 
6.0 Б values less than the limitations imposed by second break- 
s " 60 80 16 20 10 down. (See AN-415A). 
УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MPS3905 
MPS3906 


MAXIMUM RATINGS 


т, Тәте | Ve Um | 

KZ” е | Ге 

[Coleiorsase votes ово |а| væ | 
[m | m 


Base Current 


Total Device Dissipation (v TA = 25°C mW 
Derate above 25°C mW/°C 
Total Power Dissipation @ Ta = 60°C | Pp | 40 | mw | 
Total Device Dissipation (v Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic Сива сы | |S ыы 
Thermal Resistance, Junction to Case | Ruc | 833 | см | 
Thermal Resistance, Junction to Ambient | Raa | 20 | w | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


ею 7Д | өте | ма | Me [| Un | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 uAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Acdc, Ic = 0) 


Collector Cutoff Current 


(МСЕ = 30 Мас, VBE(off) = 3.0 Мас) 


Base Cutoff Current 
(УСЕ = 30 Мас, VBE[off) = 3.0 Мас 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 1.0 Мас) MPS3905 
MPS3906 


MPS3905 


(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
MPS3906 


MPS3905 


(Ic = 10 mAdc, Vcg = 1.0 Мас) 
MPS3906 


MPS3905 
MPS3906 


1.0 Мас) 


(с = 50 mAdc, Усе = 


= 1.0 Мас) MPS3905 
MPS3906 


(Ic = 100 mAdc, VcE 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(С = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) MPS3905 
MPS3906 


15 
30 — 
ion |“. 
VBE(sat) Vdc 
0.85 
0.95 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS3905, MPS3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance 
(Усв = 5.0 Vdc, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 100 kHz) 


Input Impedance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3905 
MPS3906 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 
MPS3906 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, УсЕ = 10 Мас, f = 1.0 kHz) MPS3905 
МР53906 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MPS3905 
MPS3906 


Noise Figure 
(Ic = 100 рАас, Vcg = 5.0 Мас, Rs = 1.0 k ohm, MPS3905 
f = 10 Hz to 15.7 kHz) MPS3906 


Delay Time (Усс = 3.0 Мас, VBE(off) = 0.5 Мас 


(с = 10 mAdc, въ = 1.0 mAdc) 


MPS3905 
(Vcc = 3.0 Мас, Іс = 10 mAdc, MPS3906 


ІВ1 = 182 = 1.0 mAdc) MPS3905 
MPS3906 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS4248 
MPS4249 
MAXIMUM RATINGS MPS4250 


ee J m MPS4250A 
|Collector-Emitter Voltage | VCEO | Vcgo | 40 | 60 | va | 
Co г [ыи не | s 
DUI GENESNLCHNCONE EN I 
| veso | 50 | 50 | 


Total Device Dissipation @ TA = 25°C =. 
Derate above 25°C mW/°C 

Total Device Dissipation @ Tc = 25°C 15 mW 
Derate above 25°C 12 mW^C 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 


Operating and Storage Junction TJ, Tstg —55 to +125 
Temperature ЕЕЕ 


Junction | Junction Temperatures 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 10 uA) MPS4248 40 
(Ic = 10 uA) MPS4249 60 
(Ic = 5.0 mA) MPS4250 40 
(С = 5.0 mA) MPS4250A 60 


Collector-Emitter Sustaining Voltage(1) 
(с = 5.0) MPS4248, МР54250 
(с = 5.0) МР54249, МР54250А 


Collector-Base Breakdown Voltage 


V(BR)CEO(sus) Vdc 
40 
60 
(Ic = 10 uA) MPS4248, MPS4250 


V(BR)CBO Vde 
40 
(Ic = 10 uA) MPS4249, MPS4250A 60 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 мА) 


Collector Cutoff Current ICBO 
(Усв = 40 V) MPS4248, MPS4249, MPS4250A 
(Усв = 50 V) MPS4250 
(Vcg = 40 V, Ta = 65°C) MPS4248,49,50 


Emitter Cutoff Current 
(VBE = 3.0 V) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 uA, Vcg = 5.0 V) 
(С = 100 uA, Vcg = 5.0 V) 
(Ic = 100 uA, Vcg = 5.0 V) 
(Ic = 1.0 mA, Vcg = 5.0 V) 
1.0 mA, Vcg = 5.0 V) 
1.0 mA, Vcg = 5.0 V) 


H H H H 


10 mA, VcE = 5.0 V) 
10 mA, VcE = 5.0 V) 
(Ic = 10 mA, Vcg = 5.0 V) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(lc = 10 mA, в = 0.5 mA) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(С = 10 mA, в = 0.5 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 5.0 V, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS4248, MPS4249, MPS4250, MPS4250A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Input Capacitance 
(VBE = 0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 1.0 mA, Vcg = 5.0 V, 
(Ic = 1.0 mA, VcE = 5.0 V, 
(Ic = 1.0 mA, VcE = 5.0 V, 
(С = 0.5 mA, Vcg = 5.0 V, 
Noise Figure 
(Ic = 20 uA, УСЕ = 5.0 V, Rs 
f = 1.0 kHz, Paw = 150 Hz) MPS4248,50,A 
(Ic = 20 uA, МСЕ = 5.0 V, Rs 
f = 1.0 kHz, PBW = 150 Hz) МР54249 
(Ic = 250 uA, МСЕ = 5.0 V, Rs 
f = 1.0 kHz, Paw = 150 Hz) MPS4248,50,A 
(Ic = 250 uA, МСЕ = 5.0 V, Rs E 
f = 1.0 kHz, Paw = 150 Hz) MPS4249 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MPS4248 
MPS4249 
MPS4250,A 
MPS4248,49,50 


++ + + 
Won H H 
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MPS4257 
MPS4258 


MAXIMUM RATINGS 

Collector-Emitter Voltage VCEO | 60 | 

Collector-Base Voltage Усво | 60 | 
Emitter-Base Voltage Vo | 45 | 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW*C 

Total Device Dissipation @ Тс = 25°C EXE SE 
peer 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Derate above 25°C 


Operating and Storage Junction TJ, Tstg —55 to + 150 
Temperature Range 


THERMAL CHARACTERISTICS SWITCHING TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x  Characteriti: | Әлі | м | Ма | Чи | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CES Vdc 
(С = 100 „Adc, УВЕ = 0) MPS4257 
MPS4258 
Collector-Emitter Sustaining Voltage(1) VCEO(sus) мас 
(Ic = 3.0 mAdc, Ів = 0) MPS4257 
MPS4258 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 дАдс, lg = 0) MPS4257 
MPS4258 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 100 „Айс, Ic = 0) 


Vde 

Collector Cutoff Current pAdc 
(VcE = 3.0 Vdc, VBE = 0) MPS4257 
(VCE = 3.0 Мас, VBE = 0, Ta = +65°C) MPS4257 
(УСЕ = 6.0 Vdc, VBE = 0) MPS4258 
(МСЕ = 6.0 Мас, VBE = 0, Ta = +65°С) MPS4258 


ON CHARACTERISTICS(1) 


DC Current Gain hrE 
(с = 1.0 mAdc, Vcg = 0.5 Vdc) 
(с = 10 mAdc, Vcg = 3.0 Мас) 
(Ic = 50 mAdc, Vcg = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 1.0 тАдс) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) MPS4257 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS4258 


Wow H og 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(Усв = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Мах | Unit | 


SWITCHING CHARACTERISTICS 


(Vcc = 1.5 Vde, 
i VBE(off) = 0, 
Бро лат = 10 дад 


Turn-Off Time MPS4257 
(Усс = 1.5 Мас, MPS4258 


Storage Time ІС = 10 mAdc, MPS4257 


В1 = 182 = 1.0 mAdc) MPS4258 
Fall Time 


Storage Time 
(Ic = 10 mAdc, 181 = 10 тАдс, |82 = 10 mAdc) MPS4257 
MPS4258 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


0.1 uF 


Чай Vin | Увв | Vcc | R1 R2 181 
ge mn Volts | Volts | Volts | Ohms | Ohms mA 
< 1.0 ns 
| | ton | -58 | смо | -15 | 130 | 22k IET nw 
| -80 | -15 | 130 | 22k | 5k | 10 | 10 | 10 | 


Vin 
Zin = 50.2 
tr< 1 NG 502 [ ts | +90 | -10 | -30 | 270 | 510 | 390 | 10 | 10 | 10 | 
tw = 240 ns 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS4274 
MPS4275 


MAXIMUM RATINGS 


| Rating [Symbol MPS4274MPS427) Unit | 
| Collector-Emitter Voltage | Vceo | 12 | 15 ме | 
| Collector-Emitter Voltage — | Vces | 30 | 40 | vac | 
| Collector-Base Voltage | Усво | 30 | 40 | ме | 
| Emitter-Base Voltage | Vego | 45 | vd | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


| ic | 10 — | macc | 
Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW^C 
Operating and Storage Junction TJ, Tstg —55 to +150 % 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient | Raa | 20 | w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to MPS2369 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 mAdc, Ig = 0) MPS4274 
MPS4275 


ши ERES 
мы Е 
(Ic = 10 „Ade, lg = 0) MPS4274 


V(BR)CBO Vdc 
MPS4275 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current ІСВО иАдс 
(Усв = 20 Мас, Іс = 0, Ta = 65°С) 
Collector Cutoff Current IcES 
(УСЕ = 20 Vdc, Veg = 0) 


ON CHARACTERISTICS 
DC Current Gain (Іс = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 30 mAdc, Vcg = 0.4 Мас) 
VCE(sat) 
VBE(sat) 
Small Signal Current Gain (Іс = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


(С = 100 mAdc, ҮСЕ = 1.0 Мас) 
Collector-Emitter Saturation Voltage (lc = 10 mAdc, Ів = 1.0 mAdc) 
(с = 10 mAdc, lg = 3.3 mAdc) 
ТЕГУ diede Au — шин 
Turn-On Time (ІС = 10 mAdc, IB1 = 3.3 mAdc, Усс = 3.0 Мас) | = _ = | 39 | m | 
Turn-Off Time (ІС = 10 mAdc, 1В1 = 182 = 3.3 mAdc, Усс = 3.0 Vdc) | wt | = | 3 | т | 


(с = 30 mAdc, Ів = 3.0 mAdc) 
(1) Pulse Test: Pulse Width = 300 uSec, Duty Cycle = 2.0%. 


Collector-Emitter Breakdown Voltage 
(Ic = 10 „Adc, Veg = 0) MPS4274 
MPS4275 


Collector-Base Breakdown Voltage 


(с = 100 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 10 mAdc, Ів = 3.3 mAdc) 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance (Vcg = 5.0 Vdc, f = 1.0 MHz) 
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MPS5133 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ TA = 25°C Pp .625 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


TRANSISTOR 


NPN SILICON —55 to +150 °С 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Collector-Emitter Sustaining Voltage(1) 


V(BR)CEO(sus) 18 = Vde 
(Ic = 3.0 mA) 
Collector-Base Breakdown Voltage V(BR)CBO — Vdc 
(с = 100 uA) 
Emitter-Base Breakdown Voltage V(BR)EBO — Vdc 
(IE = 10 uA) 


Collector Cutoff Current 
(Мсв = 15 V) 
(Vcg = 15 V, TA = 65°C) 


Emitter Cutoff Current 
(УВЕ = 2.0 V) 


ON CHARACTERISTICS 


DC Current Gain hrE 
(Ic = 1.0 mA, Vcg = 5.0 V) 
Collector-Emitter Saturation Voltage VCE(sat) 0.4 Vdc 
(Ic = 1.0 mA, Ів = 0.1 mA) 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(Ic = 100 „А, Vcg = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 5.0 V) 


OFF CHARACTERISTICS 


Small-Signal Current Gain 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 1.0 kHz) 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 20 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
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MPS5138 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Тс = 25°C 


Derate above 25°C 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 менее | Symbol | Min | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) Vdc 
(Ic = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(с = 100 uA) 


Emitter-Base Breakdown Voltage V(BR)EBO Мас 
ЧЕ = 100 дА) 


Collector Cutoff Current 
(Vcg = 20 V) 
(Vcg = 20 V, TA = 65°С) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 uA, Vcg = 10 V) 
(Ic = 1.0 mA, Vcg = 10 V) 
(Ic = 10 mA, Vcg = 10 V)(1) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 10 mA, Ів = 0.5 mA) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mA, Ів = 0.5 mA) 


Base-Emitter On Voltage(1) VBE(on) 
(Ic = 10 mA, Vcg = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Усв = 5.0 V, f = 1.0 MHz) 


Emitter-Base Capacitance 


(УВЕ = 0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 0.5 mA, Vcg = 5.0 V, f = 20 MHz) 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 1.0%. 
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MPS5139 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
[Rating [| Symbol | Маше | Unt | 
| Collector-Emitter Voltage | Vceo | 2 | уж | 
DII QUO және SHINE SEC OX 

Emitter-Base Voltage mo | sr ме 
г тыт шшш шиш ишш ш 


Total Device Dissipation @ Ta = 25°C 0.625 Watts 
Derate above 25°C mW/^/C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/^C 


Operating and Storage Junction ТЈ, Тад | —55 to +150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Mim | Max | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 uA) 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(Ic = 10 mA)(1) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 uA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(lp = 100 дА) 


Collector Cutoff Current 
(Vcg = 15 Мас) 
(МСЕ = 15 Мас, Ta = 65°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 ДА, Vcg = 10 Мас) 
(Ic = 1.0 mA, Vcg = 10 Мас) 

(Ic = 10 mA, Vcg = 1.0 Vdc)(1) 
(с = 50 mA, Vcg = 10 Мас)(1) 
Collector-Emitter Saturation Voltage 
(Ic = 1.0 тА, Ів = 0.1 mA)(1) 

(Ic = 10 mA, Ig = 1.0 mA)(1) 

(Ic = 50 mA, Ів = 5.0 mA)(1) 
Base-Emitter Saturation Voltage VBE(sat) 

(Ic = 10 mA, в = 1.0 mA)(1) 

(с = 50 mA, Ів = 5.0 mA)(1) 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Усв = 10 Мас, f = 1.0 MHz) 
Emitter-Base Capacitance 
(УВЕ = 0.5 Мас, f = 1.0 MHz) 
Current Gain — High Frequency 
(с = 10 mA, Vcg = 20 Мас, = 100 MHz) 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 50 mA, въ = 5.0 mA) 


SWITCHING TRANSISTOR 


PNP SILICON 


VCE(sat) 


Turn-Off Time 
(Ic = 50 mA, въ = 5.0 mA, Ів2 = – 5.0 mA) 


(1) Pulse Test: Pulse Width « 300 us, Duty Cycle « 1.0%. 
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MPS5172 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
EE .- жоие | De | 
dearum woe — | мю | № | 
[teme se — [| ва | № | 
r r 
pr Curent Comme — | Ie | № | 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Thermal Resistance, Junction to Case Rac 83.3 
Thermal Resistance, Junction to Ambient RaJA au 7 


NPN SILICON 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Gandia | sme | Mm | Tm |_ми | ww | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector Cutoff Current ІСВО 
(Усв = 25 Vdc, ЈЕ = 0) 100 nAdc 
(Усв = 25 Мас, Іс = 0, ТА = 100°C) 10 uAdc 

Collector Cutoff Current ICES nAdc 
(VcE = 25 Vdc, VBE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 


(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage VBE(on) 
(с = 10 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 


Collector-Base Capacitance 


(VcB = 0, lg = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS5179 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation (а TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 12 Мас 
(с = 3.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.001 mAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.01 mAdc, Іс = 0) 

Collector Cutoff Current 


(Vcg = 15 Мас, lg = 0) 
(VCB = 15 Vdc, lp = 0, Ta = 150°C) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 3.0 mAdc, Vcg = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(с = 10 mAdc, lg = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 5.0 mAdc, Vcg = 6.0 Мас, f = 100 MHz) 


Collector-Base Capacitance 

(VcB = 10 Мас, lg = 0, = 0.1 to 1.0 MHz) 
Small Signal Current Gain 

(с = 2.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
ЧЕ = 2.0 mAdc, Vcg = 6.0 Мас, f = 31.9 MHz) 


Noise Figure (See Figure 1) 
(Ic = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(МСЕ = 6.0 Мас, Іс = 5.0 mAdc, f = 200 MHz) 


(1) fr is defined as the frequency at which |hre| extrapolates to unity. 
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MPS5179 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


oc 
COMMON 


Tz 


FROM 509 = 
SOURCE 0.02 „Е 


+VCC 
0.1 uF г Тою 
L1 1-3/4 Turns, #18 AWG, 0.5" L, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" L, 0.5” Diameter 
L3 2 Turns, #13 AWG, 0.25" L, 0.5" Diameter (Position 1/4" from L2) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6507 MAXIMUM RATINGS 

| Rating =| Symbol | Value | Unt | 
| Collector-Emitter Voltage | Усео | 20 | уж | 
| Сойестог-Ваве Voltage | | | Vcgo | 3 | vac 
| Emitter-Base Voltage | Veso | 30 | ve 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW^C 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mW^C 
Operating and Storage Junction ТЈ, Tstg | -55% +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Ruc | 833 | œw | 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | см | 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| сю O Smbo | ми | Te | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 тАдс, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current 


(Усв = 15 Мас, ЈЕ = 0) 
(Усв = 15 Мас, lg = 0, Ta = 60°C) 


ON CHARACTERISTICS 


DC Current Gain(2) hrE 75 
(Ic = 2.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Small-Signal Current Gain 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 44 MHz) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS MPS65 1 1 


O тты. Sms [ Vae [ um | 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous lc 100 mAdc 
Total Device Dissipation @ TA = 25°C Pp 625 mW 
Derate above 25*C 5.0 mW/^C 


Total Device Dissipation @ Tc = 25°C Pp 1.5 Watt 
Derate above 25°C 12.0 mW/°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


[| Charcterstit — | Symbol | 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient КОЈА) 
(1) RgJA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| сю — 5 — | Symbol | ма | Tw | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(С = 0.5 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage(2) V(BR)CES Vde 
(Ic = 100 „Adc, Veg = 0) 

Collector Cutoff Current IcBO 
(Vcg = 15 Мас, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain(2) ПЕЕ 75 
(Ic = 10 mAdc, УСЕ = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Chea + 
(VcB = 10 Мас, ЈЕ = 0, = 100 kHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Ic = 10 mAdc, Vcg = 12 Мас, f = 45 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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NPN 
MPS6512 
thru MPS6515 


PNP 
MPS6516 


thru MPS6519 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Refer to 2N4125 for graphs. 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6516 thru МР56518 
MPS6519 


Collector-Base Voltage 
MPS6512 thru MPS651 
MPS6516 thru МР56518 
MPS6519 


Emitter-Base Voltage “Ево 
Collector Current — Continuous 


PD 


THERMAL CHARACTERISTICS 


(Characteristic | Symbi | Me | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient | Røa | 20 | °w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 0.5 mAdc, Ів = 0) 


(с = 0.5 mAdc, Ів = 0) 


Emitter-Base Breakdown Voltage (Е = 
ЧЕ = 
Collector Cutoff Current 

(Vcg = 30 Мас, ЈЕ = 0) 

(Vcg = 30 Мас, ЈЕ = 0) 

(Vcg = 20 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 


10 Vdc) 


100 mAdc, МСЕ = 10 Vdc)(1) 


10 Vdc) 


2.0 mAdc, УСЕ = 


100 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage (Ic 


(Ic 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcg = 10 Мас, lp 


10 рАас, Іс = 
10 џАдс, lc = 0) 


| Зутьо | Ма | Typ | Mex | Unt | 


V(BR)CEO 
MPS6512, MPS6513 


MPS6514, MPS6515 


MPS6516 thru MPS6518 
MPS6519 


0) 


V(BR)EBO 


MPS6516 thru MPS6518 
MPS6519 


MPS6512 
MPS6513 90 = 180 
MPS6514 150 — 300 


MPS6515 


MPS6512 
MPS6513 60 — — 
MPS6514 90 — -- 


MPS6515 


MPS6516 
MPS6517 
MPS6518 
MPS6519 


MPS6516 
MPS6517 
MPS6518 
MPS6519 


50 mAdc, Ів = 5.0 mAdc) 
50 mAdc, lg = 5.0 mAdc) 


VCE(sat) 


0, f = 100 kHz) 


(Vcg = 10 Мас, lg 


(1) Pulse Test: Pulse Width = 


MOTOROLA SEMICONDUCTORS 


0, f = 100 kHz) 


300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


NPN 
MPS6520 
MPS6521 


Collector-Emitter Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


Collector-Base Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


Emitter-Base Voltage 


PNP 
MPS6522 


MPS6523 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


La 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 


Thermal Resistance, Junction to Case | Ruc | 833 | “w | 


AMPLIFIER TRANSISTOR 
Refer to MPS3903 for NPN graphs.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Chancers — | уто | Mi | Mak | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 0.5 тАдс, Ів = 0) 
(Ic = 0.5 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 Аас, Ic = 0) 


ЧЕ = 10 дАдс, Ic = 0) 

Collector Cutoff Current ICBO 
(Vcg = 30 Vdc, IE = 0) 
(VCB = 20 Мас, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 uAdc, Vcg = 10 Мас) MPS6520 
MPS6521 


(с = 2.0 тАдс, Vcg = 10 Мас) MPS6520 
MPS6521 


MPS6522 
MPS6523 


100 „Айс, Vcg = 10 Vdc) 


(Ic = 


MPS6522 
MPS6523 


2.0 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, lg = 5.0 mAdc) 
(Ic = 50 mAdc, в = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, IE 
(Vcg = 10 Мас, IE 


Noise Figure 
(с = 10 uAdc, Vcg = 5.0 Мас, Rs = 10 kohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 
(С = 10 Adc, УСЕ = 5.0 Мас, Rs = 10 kohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 


*Refer to 2N5086 for PNP graphs. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6530 
thru 
MPS6532 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
MPS6530, MPS6531 
MPS6532 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector-Base Voltage 
MPS6530, MPS6531 


MPS6532 


Emitter-Base Voltage Hee и 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


| Junction Temperature | ТрТаа | 10 | © | 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


NPN SILICON | Characteristic — — — | Symbol | Ma | Unt | 
Thermal Resistance, Junction to Ambient | Рада | 02 | “mw | 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 10 mAdc, Ів = 0) MPS6530, MPS6531 
MPS6532 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 10 „Adc, ЈЕ = 0) MPS6530, MPS6531 
MPS6532 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 10 „Adc, Ic = 0) All Types 
(IB = 10 „Adc, Ic = 0) All Types 

Collector Cutoff Current 
(Усв = 40 Мас, ЈЕ = 0) MPS6530, MPS6531 
(Усв = 30 Мас, ЈЕ = 0) МР56532 


(Vcg = 40 Мас, ЈЕ = 0, TA MPS6530, MPS6531 
(Усв = 30 Мас, ЈЕ = 0, TA MPS6532 


ON CHARACTERISTICS 
DC Current Gain 


(lc = 10 mAdc, Vcg = 1.0 Мас) MPS6530 
MPS6531 


(Ic = 100 mAdc, Vcg = 1.0 Vdc) MPS6530 
MPS6531 
MPS6532 


500 mAdc, Vcg = 10 Vdc) MPS6530 
MPS6531 


25 
50 — 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 100 mAdc, Ів = 10 mAdc) MPS6530, MPS6532 
MPS6531 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 100 mAdc, lg = 10 mAdc) MPS6530, MPS6531 1.0 
MPS6532 1.2 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 10 Мас, Ip А All Types 
(Vcg = 10 Мас, IE : All Types 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
MPS6533, MPS6534 
MPS6535 


Collector-Base Voltage 
MPS6533, MPS6534 


MPS6535 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 


| 02 | mw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


MPS6533 
thru 
MPS6535 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 тАсс, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 џАдс, lg = 0) 


Emitter-Base Breakdown Voltage 
(IB = 10 дАдс, Ic = 0) 
(Ip = 10 „Adc, Ic = 0) 


Collector Cutoff Current 
(Усв = 30 Мас, ЈЕ = 0) 


(Усв = 30 Мас, I 
(Усв = 20 Мас, | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 


(С = 100 mAdc, Vcg = 1.0 Мас) 


(С = 500 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(С = 100 mAdc, Ів = 10 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ip = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 


(VcB = 10 Мас, IE 


MPS6533, MPS6534 
MPS6535 


MPS6533, MPS6534 
MPS6535 


All Types 
All Types 


All Types 


MPS6533, MPS6534 
MPS6535 


MPS6533 
MPS6534 


MPS6533 
MPS6534 
MPS6535 


MPS6533 
MPS6534 


MPS6533, MPS6535 
MPS6534 


MPS6533, MPS6534 
MPS6535 


All Types 


VCE(sat) 


VBE(sat) 


(Усв = 10 Мас, lg 


SMALL-SIGNAL DEVICES 


All Types 
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MOTOROLA SEMICONDUCTORS 


MPS6543 MAXIMUM = 


Collector-Emitter Voltage | Veco | 25 | vde | 
Collector-Base Voltage VCBO [и ad 


Emitter-Base Voltage VEBO 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction ТЈ, Tstg | —55 to +150 
Temperature Range 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic Symbol | Max | Unt | 
Thermal Resistance, Junction to Case | Rac | 975 | см | 
Thermal Resistance, Junction to Ambient RaJAU) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 џАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current IcBO 
(Vcg = 25 Мас, ЈЕ = 0) 

Emitter Cutoff Current ЕВО 
(УВЕ = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 4.0 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, УСЕ = 12 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Collector Base Time Constant 
(IE = 4.0 mAdc, Vcg = 12 Мас, f = 31.8 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS6544 


CASE 29-02, STYLE 2 
MAXIMUM RATINGS TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Ta = 60°C | Pp | | mw | 


Operating and Storage Junction ТЈ, Tstg | -55to +135 "C 
Temperature Range 


THERMAL CHARACTERISTICS NPN SILICON 
Thermal Resistance, Junction to Ambient RJA 357 °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


————— ы-əн 7 терм [нәс |а 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 тАдс, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 

Collector Cutoff Current ІСВО 
(Усв = 35 Мас, |с = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(с = 30 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(с = 30 mAdc, Ів = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Emitter Reverse Transfer Capacitance 
(Vcg = 10 Мас, Іс = 0, f = 100 kHz) 


Output Admittance 


AMPLIFIER TRANSISTOR 


Refer to MPSH20 for graphs. 


(С = 10 mAdc, Vcg = 10 Vdc, f = 45 MHz) 


Output Voltage 
(Vin(RMS) = 12 ту, f = 45 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 

| Rating — | Symbol | 
[CollectorEmiter vonage | Мю [№ | 

| CollectorBase Voltage 1 Усво | 35 | Vac 
Emitter-Base Voltage | Мево | 30 | Vd | 
| Collector Current — Continuous | — | ic | 50 | mad 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/C 
Total Device Dissipation @ Тс = 25°C Watt 
Derate above 25°C mW^PC 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 
Characteristic | Symbol | мак | Unit | 


Thermal Resistance, Junction to Case Ма | A45 —] Sa - 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | w | 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


MPS6547 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[characteristic | Sym! | м | тур | Mex | unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 uAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ip = 100 uAdc, Іс = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcg = 25 Мас, ЈЕ = 0) 
Emitter Cutoff Current ІЕВО 1.0 uAdc 
(VBE = 2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) — 0.35 Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage(2) УВЕ(оп) — 0.7 0.95 Vdc 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Common-Emitter Reverse Transfer Capacitance 


(Vcg = 10 Мас, lp = 0, f = 100 kHz) 


Conversion Gain 
(Ic = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz to 10.7 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS6547 


56 kHz 
5.6 pF 0.01 uF 
108 MHz 10.7 MHz 
Rg = 502 В, = 502 
10 mV 25-280 
== 1-ЗО РЕ РЕ 
118.7 MHz 
Rg = 502 


15 pF 0.01 НЕ 
800 mV | 


Bandwidth © 500 kHz 


L1=3 Turns #20 Wire, 
1/4" I.D., Air Wound, 
Base Tapped 1/2 Turn -VEE 
From Ground. 


12 = 37 Turns #28 Wire, 
Wound on 1/4" 1.0. Coil Form. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6560 
MPS6562 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AUDIO TRANSISTOR 


MPS6560 
NPN SILICON 


MPS6562 
PNP SILICON 


MAXIMUM RATINGS 
Г в (эше | Value | Unit | 
Collector-Emitter Voltage VCEO 25 Vdc 


Emitter-Base Voltage VEBO 5.0 
Collector Current — Continuous 


Total Device Dissipation (v TA — 25'C Pp 625 mW 
Derate above 25°C 5.0 mW^C 
Total Device Dissipation (v Tc = 25°C Pp 1.5 Watts 
Derate above 25°C 12 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


x Characteristic — — | Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Ruc | 833 | mw | 
Thermal Resistance, Junction to Ambient Ке д1) | 20 | "стим | 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(с = 100 „Adc, lg = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 „Adc, Ic = 0) 
Collector Cutoff Current 
(МСЕ = 25 Мас, lg = 0) 
Collector Cutoff Current 
(Усв = 20 Мас, ЈЕ = 0) 
Emitter Cutoff Current 
(VEB(off) = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 
(Ic = 500 mAdc, МСЕ = 1.0 Мас) 
Collector-Emitter Saturation Voltage 
(с = 500 mAdc, Ів = 50 mAdc) 
Base-Emitter On Voltage 
(с = 500 mAdc, МСЕ = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 30 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


Sym | ма мы | Um | 


V(BR)CEO 25 — Vdc 
V(BR)CBO 25 = Vde 
V(BR)EBO 5.0 -- мас 
СЕО — 100 nAdc 
ICBO — i nAdc 
ЕВО - 100 nAdc 


VCE(sat) 


MOTOROLA SEMICONDUCTORS 
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MPS6565 
MPS6566 


MAXIMUM RATINGS 


Rating CASE 29-02, STYLE 1 


TO-92 (TO-226AA) 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


| Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Ruc | 833 | w | 
Thermal Resistance, Junction to Ambient | Raa | 20 | “°w | 


NPN SILICON 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | тур | Mex | Umi | 


Collector-Emitter Breakdown Voltage V(BR)CEO m Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO = Vde 
(Ic = 100 „Adc, |с = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO = Vdc 
ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcg = 30 Vdc, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 10 Vdc) MPS6565 
MPS6566 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 тАдс) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 


OFF CHARACTERISTICS 


(Усв = 10 Vdc, lg = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6568A 
thru MAXIMUM RATINGS 


MPS6570A 


Collector-Emitter Voltage 


Collector-Base Voltage VCBO 


Emitter-Base Voltage 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ TA = 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


—55 to +150 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Маа | Unit | 
Thermal Resistance, Junction to Case(1) | Rac | 833 | “w | 
Thermal Resistance, Junction to Ambient | Rua | 20 | см | 


(1) Вод is measured with the device soldered into a typical printed circuit board. 


VHF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sy | Wm | мы | Um | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(lẹ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 4.0 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 0.1 Vdc 
(Ic = 10 mAdc, lg = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 10 mAdc, lg = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS6568A 
MPS6569A, MPS6570A 


V(BR)EBO 


(сво 


hFE 


Collector-Base Capacitance 

(Усв = 10 Мас, lg = 0, f = 1.0 MHz, emitter guarded) MPS6568A/6570A 
Noise Figure 

(VAGC = 1.4 Мас, Rg = 50 ohms, f = 200 MHz) MPS6568A 

(VAGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) MPS6569A, MPS6570A 
FUNCTIONAL TEST 


Amplifier Power Gain 

(VAGC = 1.4 Vdc, Rg = 50 ohms, f = 200 MHz) MPS6568A 

(VAGc = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) MPS6569A, MPS6570A 
Forward AGC Voltage 

(Gain Reduction = 30 dB, Rs = 50 ohms, f = 200 MHz) MPS6568A 

(Gain Reduction = 30 dB, Rg = 50 ohms, f = 45 MHz) MPS6569A 


MPS6570A 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS6568A thru MPS6507A 


AGC CHARACTERISTICS 
Усс = 12 Vdc, Rs = 50 OHMS, SEE FIGURES 9 AND 10 


—f=45MHz == f= 
FIGURE 1 — POWER GAIN қ en FIGURE 2 — NOISE FIGURE 
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M PS657 1 MAXIMUM RATINGS 


Г м — [| бутво | Value | Unt | 
Pasan yaa ^ ^ 7 | Vem [ We | 
zmmerseevome | veso | so | ve | 
"санааг Curent — Continuous [к | w | 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction ТЈ, Tstg | -55% +150 "C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Ambient | Rua | 20 | см | 
Thermal Resistance, Junction to Case | Ruc | 833 | см | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Min | Тур | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 100 uAdc, ЈЕ = 0) 

Collector Cutoff Current 


(Усв = 20 Мас, lg = 0) 


Emitter Cutoff Current 
(VEB(off) = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 дАдс, Vcg = 5.0 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter On Voltage VBE(on) 
(с = 10 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 „Adc, Vcg = 5.0 Мас, f = 20 MHz) 


Output Capacitance Cobo pF 
(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 

Noise Figure 1.2 
(С = 100 „Adc, МСЕ = 5.0 Мас, Rs = 10 kohms, f = 100 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


есесі =F ~ 
Rating MPS6574|MPS6576 
| Collector-Emitter Voltage Ус | 35 | 45 | vde | 
| Collector-Base Voltage | №сво | 35 | 


EIC 
Total Device Dissipation (v TA = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C пр е: 
Operating and Storage Junction Ty, Tstg —55 to +150 °С 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient RaJA(1) | 20 | см | 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MPS6573 
thru 
MPS6576 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AUDIO TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


|2 Cmameerstit Дд| Symbo | ма | Mex | ит | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 1.0 mAdc, Ів = 0) 


MPS6573, MPS6574 
МР56575, MPS6576 


Collector Cutoff Current 
(Vcg = 35 Мас, Ip = 0) 
(Усв = 45 Мас, ЈЕ = 0) 


MPS6573, MPS6574 
MPS6575, MPS6576 


ON CHARACTERISTICS 

DC Current Gain 
(Ic = 100 дАдс, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Мсе = 5.0 Vdc)(2) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage(2) 
(с = 10 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 10 mAdc, Vcg = 5.0 Мас, f = 100 kHz) 


MPS6573, MPS6575 
MPS6573, MPS6575 
MPS6574, MPS6576(2) 


Emitter Cutoff Current | 
(МЕВ = 4.0 Мас, Ic = 0) 


Output Capacitance 
(Усв = 12 Мас, ЈЕ = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MPS6580 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to MPSH81 for graphs. 


MAXIMUM RATINGS 


| Raing — [| Symbo | Маше | Unit 
Шы. dim 


Collector-Emitter Voltage VcEO 
Collector-Base Voltage 


VcBO | 30 | Vdc 


Vdc 
Total Device Dissipation @ TA = 25°C 


Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mWFC 

Operating and Storage Junction TJ, Tstg —55 to +150 де: 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic ___ | Symbol | Ma | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | cw | 
Thermal Resistance, Junction to Ambient ААЈАП) | 20 | см | 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Emitter-Base Voltage eso — 
Collector Current — Continuous 


VEBO 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 uAdc, lg = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 „Adc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 20 Vdc, Іс = 0) 


Emitter Cutoff Current 
(УВЕ = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 2.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 


V(BR)CEO 


ww 
же ж = а 
[= [= 


(Ic = 2.0 mAdc, Ів = 0.2 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, lg = 0, f = 100 MHz) 


(2) Pulse Test: Pulse Width = 


300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating | Symbol | Value | Unit - 


Collector-Emitter Voltage VCEO Vdc 
MPS6601/6651 
MPS6602/6652 

Collector-Base Voltage VCBO Vdc 
MPS6601/6651 
MPS6602/6652 


Emitter-Base Voltage ^ro Seo =. 
Collector Current — Continuous | mAdc | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient | Нед) | — 200 | "см | 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


NPN 
MPS6601 
MPS6602 

PNP 
MPS6651 
MPS6652 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Character: — — À — | Symb! | ма | мах | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 тАдс, Ів = 0) MPS6601/6651 
MPS6602/6652 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) MPS6601/6651 
MPS6602/6652 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 25 Vdc, Ів = 0) MPS6601/6651 
(УСЕ = 30 Мас, Ig = 0) MPS6602/6652 


Collector Cutoff Current 
(VcB = 25 Мас, ЈЕ = 0) MPS6601/6651 
(Vcg = 30 Мас, ЈЕ = 0) MPS6602/6652 


ON CHARACTERISTICS 


DC Current Gain 
(с = 100 mAdc, Vcg = 1.0 Мас) 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1000 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1000 mAdc, Ів = 100 mAdc) 


Base-Emitter On Voltage VBE(on) 
(с = 500 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 30 MHz) 


Output Capacitance 
(Усв = 10 Мас, lg = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
= 50 тАдс 


ГУС 3 ae 
Storage Time tp = 300 ns Duty Cycle) 
Fall Time 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 


Turn-on Time Turn-off Time 
2 -1.0 V Vcc *Vgg Усс 


кал 


+10 V 
“ PE 


t; = 3.0 ns 5.0 uF 


= = tp = 3.0 ns 


*Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


NPN PNP 


FIGURE 2 — MPS6601/6602 DC CURRENT GAIN FIGURE 3 — MPS6651/6652 DC CURRENT GAIN 
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FIGURE 4 — CURRENT GAIN BANDWIDTH PRODUCT FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 
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fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


fr. CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 6 — ON VOLTAGES FIGURE 7 — ON VOLTAGES 
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5 


t, TIME (NS) 


NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 12 — MPS6601/6602 SWITCHING TIMES 
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FIGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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Reve, TEMPERATURE COEFFICIENT (mV/°C) 
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FIGURE 16 — SAFE OPERATING AREA 
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FIGURE 13 — MPS6651/6652 SWITCHING TIMES 
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FIGURE 15 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 17 — SAFE OPERATING AREA 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 18 — MPS6601/6602 SATURATION REGION FIGURE 19 — MPS6651/6652 SATURATION REGION 
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FIGURE 20 — THERMAL RESPONSE 
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MAXIMUM RATINGS 


MPS6714 
MPS6715 


Collector-Emitter Voltage 
MPS6714 
MPS6715 


Collector-Base Voltage 


Е ЕСІМ 
Усво 

MPS6714 

MPS6715 


Emitter-Base Voltage ка 5.0 


Collector Current — Continuous ке 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Мәх | Uni 
Thermal Resistance, Junction to Case | Rac | 5 | °C/W 
Thermal Resistance, Junction to Ambient | RgA | 15 | œw | 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to МР5У/01 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) MPS6714 
MPS6715 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) MPS6714 40 
MPS6715 50 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 Vdc 
(IE = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 40 Мас, ЈЕ = 0) MPS6714 
(Vcg = 50 Мас, ЈЕ = 0) MPS6715 
Emitter Cutoff Current 
Мев = 5.0 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(с = 100 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1000 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1000 mAdc, lg = 100 mAdc) 


Base-Emitter On Voltage 
(Ic = 1000 mAdc, Vcg = 1.0 Уас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Мас, lg = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


(1) Pulse Test: Pulse Width = 30 us, Duty Cycle = 2.0%. 
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MPS6716 
MPS6717 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


MAXIMUM RATINGS 


Emitter-Base Voltage 
ollector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to MPSWO5 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, g = 0) MPS6716 
MPS6717 


V(BR)CEO 


V(BR)CBO Vdc 
60 
80 


Collector-Base Breakdown Voltage 
(Ic = 100 uAdc, lg = 0) MPS6716 
MPS6717 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 


(Vcg = 40 Мас, |с = 0) MPS6716 
(Vcg = 60 Мас, ЈЕ = 0) MPS6717 
Emitter Cutoff Current 
(МЕВ = 5.0 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain hrE 
(ІС = 50 mAdc, Vcg = 1.0 Мас) 
(Ic = 250 mAdc, МСЕ = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 250 mAdc, lg = 10 mAdc) 


Base-Emitter On Voltage VBE(on) 
(с = 250 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Усв = 10 Мас, lp = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 200 mAdc, Vcg = 5.0 Мас, f = 20 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPS6724 
MPS6725 MAXIMUM RATINGS 


CASE 29-03, STYLE 1 
(TO-226 AE) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case | Рас | 5 | cw | 
"bald Resistance, JunctionioAdibent | ak | ^ as P | 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) VIBR)CES 
(с = 1.0 тАдс, Ів = 0) MPS6724 
MPS6725 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 дАдс, ЈЕ = 0) MPS6724 
MPS6725 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(св = 30 Мас, ЈЕ = 0) МР56724 
(VcB = 40 Мас, ЈЕ = 0) МР56725 
Emitter Cutoff Current 
(МЕв = 10 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 200 mAdc, Vcg = 5.0 Мас) 
(Ic = 1000 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(с = 1000 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 200 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


УУ 
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MPS6726 
MPS6727 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


MAXIMUM RATINGS 
[Rug — | Sms | Value | Unit | 
MPS6727 
Collector-Base Voltage 
Emitter-Base Voltage Veso | 50 | № | 
Collector Current — Continuous [ dg jo ЖИН 
1.0 Watt 
8.0 mW/C 


Collector-Emitter Voltage VCEO Vdc 
MPS6726 
VCBO Vdc 
MPS6726 
MPS6727 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/C 


Operating and Storage Junction TJ, Тед | —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


[Characteristic — | Symbol | _ Max | 
Thermal Resistance, Junction to Case | вс | 5 | 
Thermal Resistance, Junction to Ambient | Раја | 75 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to MPSW51 for graphs. 


x  Chameerstit | бутво | ма | Ma | Un | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(с = 100 „Adc, lg = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, Ic = 0) 
Collector Cutoff Current 

(Vcg = 40 Мас, ЈЕ = 0) 
(Усв = 50 Мас, ЈЕ = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 
(Іс = 1000 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(ІС = 1000 mAdc, Ів = 100 mAdc) 


Base-Emitter On Voltage 
(Ic = 1000 mAdc, Мсе = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


MPS6726 
MPS6727 


MPS6726 
MPS6727 


MPS6726 
MPS6727 


5 41-1) 
uk тыы 


V(BR)EBO 


VCE(sat) 


(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 


300 из, Duty Cycle = 2.0%. 
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MOTOROLA SEMICONDUCTORS 


MPS6728 
MPS6729 


MAXIMUM RATINGS 


rating зушы | мрава | меввие өні 
csesorEmmeveuge | Veo | ® | = | vs 


Total Device Dissipation @ TA = 25°C Watt 
Derate above 25°C és mW/C 

Total Device Dissipation @ Тс = 25°C Watts 
Derate above 25°C МАС 


Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unt | 


Thermal Resistance, Junction to Case | Rac | 5 | см | 
Thermal Resistance, Junction to Ambient | Рад | 126. | cow | 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


PNP SILICON 


Refer to MPSW55 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) MPS6728 
MPS6729 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Адс, lg = 0) MPS6728 
MPS6729 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current ЕВО 
(Veg = 5.0 Мас, [С = 0) 
Emitter Cutoff Current 
(Vcg = 40 Мас, lp = MPS6728 
(Vcg = 60 Мас, IE MPS6729 
ON CHARACTERISTICS(1) 
DC Current Gain 
(с = 50 mAdc, Vcg = 1.0 Мас) 
(Ic = 250 mAdc, Vcg = 1.0 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) 
(с = 250 mAdc, lg = 10 mAdc) 
Base-Emitter On Voltage VBE(on) 
(с = 250 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 10 Мас ЈЕ = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 200 mAdc, Vcg = 5.0 Мас, f = 20 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


|Rating |ЗутЬо!]МР$6735|МР56734]МР$8733] Unit | 
| Collector-Emitter Voltage _ | Vceo | 300 | 250 | 200 | Vac | 
| Collector-Base Voltage | Усво | 30 | 250 | 200 | мас 


Emitter-Base Voltage Мево | во | 
Collector Current — lc 
Continuous 
1.0 
8.0 
TJ, Tstg —55 to +150 


MPS6733 
MPS6734 
MPS6735 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 
Operating and Storage 

Junction 
Temperature Range 


Total Device Dissipation ы 


Characteristic | Symbol | Max | Unt | 
Thermal Resistance, Junction to Case | Rac | 50 | w | 


NPN SILICON 


Thermal Resistance, Junction to Ambient 125 AN 


Refer to MPSW42 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | min | Mex | Un | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) MPS6735 
MPS6734 

MPS6733 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 uAdc, ЈЕ = 0) MPS6735 
MPS6734 

MPS6733 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current 
(Усв = 260 Мас, ТЕ MPS6735 
(VcB = 200 Мас, IE MPS6734 
(Vcg = 160 Мас, IE MPS6733 


Emitter Cutoff Current 
(МЕВ = 6.0 Мас, Іс = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(с = 10 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, lg = 2.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 20 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Collector-Base Capacitance 


(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


[м | Symbol | Маше | 


MPS8093 


Total Device Dissipation @ Tc = 60°C 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


mW^C 
Operating and Storage Junction ТЈ, Тад | —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | Мах | Unit | 
Thermal Resistance, Junction to Case | Вас | 833 | см | 
Thermal Resistance, Junction to Ambient | Rua | 20 | см | 


Watts 


Collector-Emitter Voltage VCEO 40 
Collector-Base Voltage VCBO 40 
“70-92 (TO-226AA) | Eine Bate Vol 
TO-92 (TO-226AA) mitter-Base Voltage EBO d 
Collector Current — Continuous Ic 200 
Total Device Dissipation @ Ta = 25°C Pp 625 m 
Derate above 25°C 5.0 mW/C 
| s | mW | 
1.5 
12 


dc 
dc 
dc 
уу 
"C 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Адс) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 Adc) 


OFF CHARACTERISTICS 


Collector Cutoff Current ІСВО 


Emitter Cutoff Current 100 nAdc 
(VBE = 3.0 V) 
ON CHARACTERISTICS 
DC Current Gain ПЕЕ 100 
(с = 50 mAdc, Vcg = 2.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter On Voltage VBE(on) 1.0 Vdc 
(Ic = 50 mAdc, Vcg = 2.0 V) 


SS SS s ll oe q a q qaq q q Gq A —— eIasrrya —À 
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MPS8097 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


THERMAL CHARACTERISTICS 
NPN SILICON 


Thermal Resistance, Junction to Case Н 
Thermal Resistance, Junction to Ambient RaJA(1) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic | Symbol | Mi | Mex | Umt | 


OFF CHARACTERISTICS 


Refer to MPSA18 for graphs. 


Collector-Emitter Breakdown Voltage(2) 


V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector Cutoff Current ІСВО 
(Усв = 40 Мас, ЈЕ = 0) nAdc 
(Vcg = 60 Мас, ЈЕ = 0) pAdc 
Emitter Cutoff Current nAdc 
(VBE = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 100 uAdc, Vcg = 5.0 Мас) 


Base-Emitter On Voltage 
(Ic = 100 uAdc, МСЕ = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 
Emitter-Base Capacitance Ceb 
(УВЕ = 0.5 Мас, Іс = 0, f = 1.0 MHz) 
Small-Signal Current Gain hfe 800 
(Ic = 100 „Adc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure Eg 
Зе Bull BP == 


(с = 100 „Adc, Vcg = 5.0 Мас, Rg = kOhms, f = 10 Hz to 15.7 KHz) 


Equivalent Short Circuit Noise Voltage 
(Ic = 100 „Adc, Vcg = 5.0 Мас, Вс = 10 kOhms, f = 100 Hz, Bw = 1.0 Hz) 


(1) Вауд is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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NPN MAXIMUM RATINGS 


MPS8098 
MPS8099 
PNP 
MPS8598 
MPS8599 


МР58098|МР58099 
Rating МР$8598 МР$8599 
Collector-Emitter Co и VCEO Е = 


Collector-Base | Collector-Base Voltage — |00 Усво 


ии Дана и 
X SG EE S 


Emitter-Base | Emitter-Base Voltage | ж? 


Collector Current — Continuous EH 
Total Device Dissipation @ TA = 25°C mW 

Derate above 25°C mW/°C 
Total Device Dissipation а Тс = 25°C Watts 

Derate above 25°C mW/^C 

Operating and Storage Junction TJ, Tstg —55to +150 °C 

Temperature Range 
THERMAL CHARACTERISTICS 


[Characteristic ______ Symbo | Mex | Ume | 
Thermal Resistance, Junction to Case | Рас | sa | см | 
Thermal Resistance, Junction to Ambient | Rga | 20 | см | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


/ 


/ 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) MPS8098, MPS8598 
MPS8099, MPS8599 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, ЈЕ = 0) MPS8098, MPS8598 
MPS8099, MPS8599 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Іс = 0) MPS8098, MPS8099 
MPS8598, МР58599 


Collector Cutoff Current 
(МСЕ = 60 Мас, Ів = 0) 


Collector Cutoff Current 
(Усв = 60 Мас, ЈЕ = 0) МР58098, МР58598 
(Усв = 80 Мас, ЈЕ = 0) MPS8099, MPS8599 


Emitter Cutoff Current 
(Veg = 6.0 Мас, Ic = 0) MPS8098, MPS8099 
Мев = 4.0 Мас, Ic = 0) MPS8598, MPS8599 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 
(Ic = 10 mAdc, ҮСЕ = 5.0 Vdc) 
O(lc = 100 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage (lc = 100 mAdc, lg = 5.0 mAdc) VCE(sat) 
(Ic = 100 mAdc, lg = 10 mAdc) 


Base-Emitter On Voltage 
(с = 1.0 mAdc, Vcg = 5.0 Мас) MPS8098, MPS8598 
(Ic = 10 mAdc, Vcg = 5.0 Мас) MPS8099, MPS8599 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 
Output Capacitance 


(VcB = 5.0 Vde, lp = 0, f = 1.0 MHz) МР58098, МР58099 
MPS8598, MPS8599 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 1.0 MHz) MPS8098, MPS8099 
MPS8598, MPS8599 


(1) Pulse Test: Pulse Width < 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-176 


NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 
FIGURE 1 — SWITCHING TIME TEST CIRCUITS 
Turn-on Time Turn-off Time 


-1.0 V 


Vcc *Vgg 


— во us|-— 


+10V 
u ET 


5.0 uF 


tr 3.0 ns 


—=]5.0 us[-— 


= 3.0 ns 


“ Тота! Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 4 — SWITCHING TIMES 


MPS8598, MPS8599 


ен ы ШРИ 
ЕН 
== 
Mba DRAG Pee 
HN 
|| | Ко 
ШГП ГІ) 


- 
свој 
1.0 50 10 


B: 
"te LM VOLTAGE (VOLTS) 


20 


t, TIME (ns) 
t, TIME (ns) 


10 


IC, к-н aus - 


770 
Ic, COLLECTOR CURRENT (mA) 


50 


SMALL-SIGNAL DEVICES 


2-177 


MOTOROLA SEMICONDUCTORS 


NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 5 — THERMAL RESPONSE 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 8 — “ON” VOLTAGES 
1.0 


FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 12 — "ON" VOLTAGES 
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SMALL-SIGNAL DEVICES 


NPN 
MPSA05 
MPSA06 

PNP 


МР5А55 
MPSA56 


MAXIMUM RATINGS 


оре аре oa 
Rating MPSA55 | MPSA56 

Collector-Emitter | Collector-Emitter Voltage sid | Уско | 60 | в | ve | 
| Collector-Base Voltage | Усво | во | в | ма | 
| Collector Current — Continuous | — | ic | в | mAd | 


Total Device Dissipation @ TA = 25°C En mW 
Derate above 25°C mWw/°C 


Total Device Dissipation @ Tc = 25°C Watts CASE 29-02, STYLE 1 
Derate above 25°C де TO-92 (TO-226AA) 
Operating and Storage Junction T Tstg —55 to +150 "C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic || Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Rac | 83 | °w | 
Thermal Resistance, Junction to Ambient РЕЈА) | _200 | см | 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| теме Д| зуто | ма | Me | Џ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 

(Ic = 1.0 mAdc, Ів = 0) MPSA05, MPSA55 60 
МР5А06, MPSA56 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Іс = 0) 

Collector Cutoff Current ІСЕО иАдс 
(УСЕ = 60 Мас, lg = 0) 

Collector Cutoff Current 


(Vcg = 60 Мас, ЈЕ = 0) MPSA05, МР5А55 
(Vcg = 80 Мас, ЈЕ = 0) MPSA06, MPSA56 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 100 mAdc, lg = 10 mAdc) 


Base-Emitter On Voltage 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mA, Vcg = 2.0 V, f = 100 MHz) МР5А05 
MPSA06 


(Ic = 100 mAdc, Vcg = 1.0 Мас, f = 100 MHz) MPSAB5 
МРЅА56 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
(2) fr is defined as the frequency at which |hfg| extrapolates to unity. 
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NPN MPSAO05, МР5А06, PNP MPSA55, MPSA56 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 
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NPN МР5А05, МР5А06, PNP MPSA55, MPSA56 
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MPS-A55, MPS-A56 


— — и я 
= SaaS i 
= ЕЕ == SS S= iG 100 из 
= eee 


------ Current Limit 
— — — Thermal Limit 
------- Second Breakdown Limit 


[TY КЕРЕ. MeSASS 


MPS-A56 


20 3.0 50 7.0 10 20 30 50 70 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


1.0 


MOTOROLA SEMICONDUCTORS 


NPN МР5А05, МР5А06, PNP MPSA55, MPSA56 


hee, DC CURRENT GAIN 


NPN 
MPS-A05, MPS-A06 


FIGURE 7 — DC CURRENT GAIN 


BR p d 
80 ай кг аас ee ee oe и 
St tt == 


7.0 10 30 
Ic, COLLECTOR шн (mA) 


FIGURE 8 — “ON” VOLTAGES FIGURE 9 — COLLECTOR SATURATION REGION 
" | š 
w 
= ви о 
w с 
s = 
^ THI I š 
|| VE (sat) 8118-10 ИШ LLL E 
LL Bau ЕШ 8 
0 Шыт à 
05 10 20 50 10 20 50 100 200 500 > 005 01 02 05 10 20 50 10 20 50 
Ic, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (mA) 
FIGURE 10 — BASE-EMITTER TEMPERATURE COEFFICIENT 
-0.8 
HIE ТЕЦ Ж ИШ ІШІ 
БЕТІ! Түш ШЕШЕ 
Е ПОТ HT 11) 
esol | ШЦ ШЕР LT] 
в UU ТИ ИП 
Е zo| ||| мавме О | Дар Т 
: СА il 
Ë 24 uma E 
са 
= 
а а HII L 
05 10 20 10 50 100 200 500 
Ic. diues пионер (тА) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-184 


NPN МР5А05, MPSA06, PNP MPSA55, MPSA56 


PNP 
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FIGURE 11 — DC CURRENT GAIN 
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МРЅА09 


CASE 29-02, STYLE 1 
ТО-92 (ТО-226АА) 


MAXIMUM RATINGS 


Г м [ри | Ой | 
Гсоесог8аве vote | veso | w | ve 
r; sss паше 


Total Device Dissipation @ TA = 25°C mW 
a 


Derate above 25°C mW^C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW^C 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 "€ 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unt | 
Thermal Resistance, Junction to Ambient | Rua | 20 | см | 
Thermal Resistance, Junction to Case | Ruc | 833 | w | 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symb! | Ма | Typ | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 0.1 mAdc, lg = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 0.5 mAdc, Vcg = 5.0 Мас, = 20 MHz) 


Output Capacitance 


(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 


Noise Figure 
(с = 0.1 mAdc, Vcg = 5.0 Мас, 
Rs = 0.8 k ohms, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPSA10 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS non eee 


Characteristic 
Thermal Resistance, Junction to Case Вејс 
Thermal Resistance, Junction to Ambient RaJA 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| мәне ____ Sym! | м | Me | Um | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 тАдс, Ів = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Іс = 0) 
Collector Cutoff Current ІСВО -- ЕЕЕА 


(Vcg = 30 Мас, lg = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 5.0 mAdc, Усе = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


| | epum TEE | 
Output Capacitance Bis те 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) 
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MPSA12 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating Symbol | Value | Unit | 


Collector-Emitter Voltage VCES 20 Vdc 
Emitter-Base Voltage VEBO 10 Vdc 


Total Device Dissipation @ Ta = 25°C Pp mW 
Derate above 25°C mW/^C 

Operating and Storage Junction ТЈ, Тед | -55to +150 °С 
Temperature Range 

THERMAL CHARACTERISTICS 


[Characteristic | Symbol | Max | Unt | 
Thermal Resistance, Junction to Ambient 200 °C/W 


DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 џАдс, lg = 0) 


Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) 


Collector Cutoff Current 
(УСЕ = 15 Мас, УВЕ = 0) 


Emitter Cutoff Current 
(МЕВ = 10 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 20,000 — 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, lg = 0.01 mAdc) 
Base-Emitter On Voltage VBE Vdc 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPSA13 
MAXIMUM RATINGS MPSA14 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | Mex | unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 „Adc, Ів = 0) 

Collector Cutoff Current ІСВО 
(Vcg = 30 Мас, ЈЕ = 0) 

Emitter Cutoff Current nAdc 
(УВЕ = 10 Мас, Ic = 0) 

ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mAdc, Усе = 5.0 Мас) MPSA13 
MPSA14 


(ic = 100 mAdc, Vcg = 5.0 Мас) MPSA13 
MPSA14 


Collector-Emitter Saturation Voltage VCE(sat) 15 Vde 
(с = 100 mAdc, Ів = 0.1 mAdc) 
Base-Emitter On Voltage VBE Vdc 
(с = 100 mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 


(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = [һе] * ftest. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSA16 
MPSA17 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


[Rating ________ Symbol |МР6-А16МР6-АТ7 Uni | 
EE dí 


Collector-Emitter Voltage Vdc 
Emitter-Base Voltage VEBO шина: Мас 
mW 
Derate above 25°C mW^C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW^PC 
THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient | tan | .20- | ЯҒ. 


Total Device Dissipation @ TA = 25°C 

Operating and Storage Junction ТЈ, Tstg —55 to +150 °С 
Temperature Range 

Thermal Resistance, Junction to Case | Ruc | 8233 | w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 mAdc, Ів = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(Усв = 30 Мас, lg = 0) 


Emitter Cutoff Current 
(УВЕ = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, Vcg = 10 Мас) 


dc 
MPS-A16 
MPS-A17 


Collector-Emitter Saturation Voltage VCE(sat) 0.25 Vde 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance Cobo pF 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


MPS-A16 
MPS-A17 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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FIGURE 1 — DC CURRENT GAIN 


hFE, OC CURRENT GAIN 


ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — SMALL SIGNAL CURRENT GAIN FIGURE 3 - SATURATION AND ON VOLTAGES 
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fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
Cob, OUTPUT CAPACITANCE (pF) 
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MPSA18 MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage Мево | 45 | Vd 


Emitter-Base Voltage 


VEBO . 
Collector Current — Continuous | с [| 20 | таж | 


Total Device Dissipation @ TA = 25°C Pp 625 mW 
Derate above 25°C | mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic Symbol | Ma | Unit | 
Thermal Resistance, Junction to Case | Ruc | 833 | w | 
Thermal Resistance, Junction to Ambient RaJA(1) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Тур | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Мас 
(Ic = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 

Collector Cutoff Current IcBO 
(Vcg = 30 Мас, lp = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 10 рАас, Vcg = 5.0 Мас) 
(С = 100 „Adc, Vcg = 5.0 Мас) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 0.5 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Усв = 5.0 Vdc, lp = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


LOW NOISE TRANSISTOR 


NPN SILICON 


(Veg = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 100 „Adc, Vcg = 5.0 Мас, Rg = 10 КО, f = 10 Hz to 15.7 kHz) 
(с = 100 дАдс, Vcg = 5.0 Мас, Rs 1.0 kQ, f = 100 Hz) 


Equivalent Short Circuit Noise Voltage 
(Ic = 100 рАас, УСЕ = 5.0 Мас, Rg = 1.0 КО, f = 100 Hz) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPSA18 


FIGURE 1 — TRANSISTOR NOISE MODEL 


Ideal 


Transistor 


NOISE CHARACTERISTICS 
(Vcg = 5.0 Мас, Ta = 25°C) 


NOISE VOLTAGE 
FIGURE 2 — EFFECTS OF FREQUENCY FIGURE 3 — EFFECTS OF COLLECTOR CURRENT 
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MPSA18 


100 Hz NOISE DATA 
FIGURE 6 – TOTAL NOISE VOLTAGE FIGURE 7 
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FIGURE 8 — DC CURRENT GAIN 


CURRENT GAIN NORMALIZED 
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FIGURE 9 — “ON” VOLTAGES FIGURE 10 — TEMPERATURE COEFFICIENTS 
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MPSA18 


FIGURE 11 — CAPACITANCE 
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tr, CURRENT GAIN- BANDWIDTH PRODUCT (MHz) 


FIGURE 12 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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CASE 29-02, STYLE 1 


MAXIMUM RATINGS 


тое (TC RAR Symbol | Value | Uni 
Collector-Emitter Voltage VCEO 40 Vdc 
Collector-Base Voltage Усво 4.0 Мас 
Collector Current — Continuous Ic 100 mAdc 
Total Device Dissipation @ TA = 25°C Pp 625 mW 
Derate above 25°C 5.0 mW/C 
Total Device Dissipation @ Tc = 25°C Pp 1.5 Watt 
Derate above 25°C 12 mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 °С 
Temperature Range 
AMPLIFIER TRANSISTOR 
NPN SILICON THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance, Junction to Case Вејс 


Thermal Resistance, Junction to Ambient RaJA(1) 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current (сво 
(Vcg = 30 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) hrE 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPSA25 
MPSA26 
MPSA27 


MAXIMUM RATINGS 


i Symbol |MPS-A25|MPS-A26|MPS-A27| Unit 
Collector-Emitter Voltage VCES 


Emitter-Base Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 
Total Device Dissipation 

@ TA = 25°C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 
THERMAL CHARACTERISTICS 


NPN SILICON 
Characteristic | Symbol | Мах | Unt | 
Thermal Resistance, Junction to Ambient RaJA | 20 | °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | тур | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 „Adc, УВЕ = 0) MPSA25 
MPSA26 
MPSA27 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 џАдс, ЈЕ = 0) MPSA25 
MPSA26 
MPSA27 


Collector Cutoff Current 
(Усв = 30 V, Ig = 0) MPSA25 
(VcB = 40 V, Ip = 0) MPSA26 
(св = 50 V, Ip = 0) MPSA27 


Collector Cutoff Current 
(VcE = 30 V, VBE = 0) MPSA25 
(Усе = 40 V, УВЕ = 0) MPSA26 
(ҮСЕ = 50 V, УвЕ = 0) MPSA27 


Emitter Cutoff Current 
(УВЕ = 10 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mA, Vcg = 5.0 V) 


ПЕЕ 
10,000 
(с = 100 mA, Vcg = 5.0 V) 10,000 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 100 mA, Ів = 0.1 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 100 mA, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 
Small Signal Current Gain 


(с = 10 mA, Vcg = 5.0 V, f = 100 MHz) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSA25, MPSA26, MPSA27 


FIGURE 1 — DC CURRENT GAIN 


FIGURE 2 — "ON" VOLTAGES 
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FIGURE 4 — HIGH FREQUENCY CURRENT GAIN 


(ме, SMALL-SIGNAL CURRENT GAIN 
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MPSA28 
MPSA29 


MAXIMUM RATINGS 
Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | Max | Unit | 
(С = 100 џАдс, ҮЕ = 0) MPSA28 


V(BR)CES Vdc 
80 
MPSA29 100 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, lg = 0) MPSA28 80 
MPSA29 100 
Emitter-Base Breakdown Voltage М(ВВЈЕВО Мас 
ЧЕ = 10 дАдс, Ic = 0) Both Types 
Collector Cutoff Current ICBO 
(Усв = 60 Мас, ЈЕ = 0) MPSA28 100 
(Vcg = 80 Мас, ЈЕ = 0) MPSA29 100 
Collector Cutoff Current ІСЕ5 nAdc 
(УСЕ = 60 Мас, УвЕ = 500 
500 
Gai Ed Қы 
DC Current Gain 
(Ic = 10 mAdc, Усе = 5.0 Мас) Both Types 
Current-Gain — Bandwidth Product(2) 
(с = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) Both Types 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


MPSA28 
MPSA29 


Both Types 


(МСЕ = 80 Vdc, VBE 
Emitter Cutoff Current 
(УВЕ = 10 Мас, Іс = 0) 
ПЕЕ 
10,000 
(Ic = 100 mAdc, УСЕ = 5.0 Мас) Both Types 10,000 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ів = 0.01 mAdc) Both Types 0.7 
(С = 100 mAdc, Ів = 0.1 mAdc) Both Types 0.8 
Base-Emitter On Voltage VBE(on) 1.4 Vdc 
(Ic = 100 mAdc, Vcg = 5.0 Мас) Both Types 


ON CHARACTERISTICS(1) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) Both Types 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr = Ме" ftest. 
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MPSA28, MPSA29 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — ON VOLTAGES 
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MPSA42 
MAXIMUM RATINGS MPSA43 


Rating Symbol 


МСЕО 
Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Г O Торы | ми | ње | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) MPSA42 
MPSA43 200 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 „Adc, ЈЕ = 0) MPSA42 300 — 
MPSA43 200 — 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current ІСВО рАас 
(Vcg = 200 Мас, ЈЕ = 0) MPSA42 
(Vcg = 160 Мас, ЈЕ = 0) MPSA43 


Emitter Cutoff Current 
(УВЕ = 6.0 Мас, Ic = 0) MPSA42 
(УВЕ = 4.0 Мас, Ic = 0) MPSA43 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас) Both Types 
(Ic = 10 mAdc, Vcg = 10 Мас) Both Types 


MPSA42 
MPSA43 


(с = 30 mAdc, Vcg = 10 Мас) 


40 
40 
Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ів = 2.0 mAdc) MPSA42 


VCE(sat) Vde 
MPSA43 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Мас, lg = 0, f = 1.0 MHz) MPSA42 
MPSA43 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSA42, MPSA43 


FIGURE 1 — DC CURRENT GAIN 


НЕЕ, DC CURRENT GAIN 
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FIGURE 2 — CAPACITANCES FIGURE 3 — CURRENT-GAIN -BANDWIDTH PRODUCT 
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MPSA44 
MAXIMUM RATINGS MPSA45 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction ; © 
Temperature Range 


HIGH VOLTAGE 
THERMAL CHARACTERISTICS TRANSISTOR 


Thermal Resistance, Junction to Case 


NPN SILICON 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


отыш [этн [ ме | ми | | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) MPSA44 
MPSA45 


Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 „Adc, Уве = 0) MPSA44 
МРЅА45 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 

Collector Cutoff Current 
(Vcg = 400 Мас, ЈЕ = 0) MPSA44 
(Vcg = 320 Мас, ЈЕ = 0) MPSA45 


Collector Cutoff Current 
(МСЕ = 400 Мас, УВЕ 
(УСЕ = 320 Vdc, Ур 
Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain(1) (lc = 1.0 mAdc, Vcg = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
(с = 50 mAdc, Vcg = 10 Мас) 45 
(с = 100 mAdc, Vcg = 10 Мас) 40 


Collector-Emitter Saturation Voltage(1) (с = 1.0 mAdc, Ів = 0.1 mAdc) VCE(sat) 0.4 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 0.5 
(С = 50 mAdc, IB = 5.0 mAdc) Е 


| Vses | — | 0% | уж | 


Output Capacitance (Vcg = 20 Vdc, lg = 0, f = 1.0 MHz) 
Input Capacitance (Veg = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MPSA55, MPSA56 For Specifications, See МРЗАО5 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-203 


MPSA44, MPSA45 


FIGURE 1 — DC CURRENT GAIN 
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Үге. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — ACTIVE REGION — SAFE OPERATING AREA 
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FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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FIGURE 7 — TURN-ON SWITCHING TIMES AND TEST CIRCUIT 
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FIGURE 8 — TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 
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Duty Cycle = 2.0% 


Duty Cycle = 2.0% 


MPSA62 
MPSA63 
MPSA64 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


PNP SILICON 


Refer to MPSA75 for graphs. 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage ЕТЕ 
Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


MPSA63 
Rating ymbol MPSA64 


Collector-Emitter Voltage VCES | 20 | зо | ме | 


Total Device Dissipation @ Tc = 25°C Pp 1.5 Watts 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg —55to +150 °С 
Temperature Range 


| 20 | 30 | № | 


Vdc 


|780 (| macc | 
mW 
ШЕШЕН 


Pp 


| Characteristic | Symbol | Мак | Umit | 
Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient | Rua | 20 | w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Charter: | Symbi | ма | Me | Ши | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 дАдс, Уве = 0) 


Collector Cutoff Current 
(Усв = 15 Мас, ЈЕ = 0) 
(Vcg = 30 Мас, Іс = 0) 

Emitter Cutoff Current 
(УВЕ = 10 Мас, Іс = 0) 

ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


(С = 100 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 0.01 mAdc) 
(с = 100 mAdc, Ів = 0.1 mAdc) 


Base-Emitter On Voltage 
(с = 10 mAdc, Vcg = 5.0 Vdc) 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 100 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2 


(2) fr = |hfel * ftest. 


MPSA62 
MPSA63, MPSA64 


MPSA62 
MPSA63, MPSA64 


MPSA63 
MPSA64 
MPSA62 


MPSA63 
MPSA64 


VCE(sat) 


MPSA62 
MPSA63, MPSA64 


MPSA62 
MPSA63, MPSA64 


MPSA63, MPSA64 


0%. 
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SMALL-SIGNAL DEVICES 


MPSA70 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation (v Tc = 25°C БЕЛ 
Operating and Storage Junction —55 to +150 
Temperature Hange AMPLIFIER TRANSISTOR 


Derate above 25°C 
THERMAL CHARACTERISTICS PNP SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x haracteristic 7 | Symbo | ми | Mex | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(С = 1.0 mAdc, Ів = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 „Adc, Ic = 0) 
Collector Cutoff Current Қойы 


(Усв = 30 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(Ic = 5.0 mAdc, Vcg = 10 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 


(Мсв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSA75 
MPSA76 
MPSA77 


CASE 29-02 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


(Rag [Symbol | MPSA76] MPSA76]MPSAT?] Uni | 
GeserEmervotage | ves | б | sb | во | ve | 


Total Device Dissipation 
625 mW 
5.0 mW^?C 
“С 


@ TA = 25°C 
—55 to +150 


Derate above 25°C 


DARLINGTON TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 „Adc, Мве = 0) 


V(BR)CES 
MPSA75 


MPSA76 
MPSA77 


Collector-Base Breakdown Voltage 
(Ic = 100 џАдс, ЈЕ = 0) 


V(BR)CBO 
MPSA75 


MPSA76 
MPSA77 


Collector Cutoff Current 


(VcB = 30 V, Ip = 0) MPSA75 
(Vcg = 40 V, Ig = 0) MPSA76 
(Усв = 50 V, lg = 0) MPSA77 


Collector Cutoff Current 


(Усе = 30 V, УВЕ = 0) MPSA75 
(УСЕ = 40 V, VBE = 0) MPSA76 
(УСЕ = 50 V, УВЕ = 0) MPSA77 


Emitter Cutoff Current 
(УВЕ = 10 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mA, Vcg = 5.0 V) 


(С = 100 mA, Vcg = 5.0 V) 10,000 


Collector-Emitter Saturation Voltage 


(Ic = 100 mA, Ів = 0.1 mAdc) 


Base-Emitter On Voltage 
(Ic = 100 mA, VcE = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


VCE(sat) — 
Е ВЕЗЕ АЕ. 
Current Gain — High Frequency Ше 1.25 
(с = 10 mA, Vcg = 5.0 V, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MPSA75, MPSA76, MPSA77 


FIGURE 1 — DC CURRENT GAIN 
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V, VOLTAGE (VOLTS) 


Vcg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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FIGURE 4 — HIGH FREQUENCY CURRENT GAIN FIGURE 5 — ACTIVE REGION, SAFE OPERATING AREA 
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-О 


MPSA92 
MPSA93 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Derate above 25°C 


Derate above 25°C 


Temperature Range 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 


Total Device Dissipation @ Tc = 25°C 


Operating and Storage Junction 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 тАсс, Ів = 0) MPSA92 


MPSA93 


Collector-Base Breakdown Voltage 
(lc = 100 „Adc, ЈЕ = 0) MPSA92 


MPSA93 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 200 Мас, ЈЕ = 0) MPSA92 
Мсв = 160 Мас, lg = 0) MPSA93 


Emitter Cutoff Current 

(УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 


V(BR)CEO 


V(BR)CBO 
300 
200 


ICBO 


(С = 1.0 mAdc, Vcg = 10 Мас) 
(lc = 10 mAdc, Vcg = 10 Vdc) 


(с = 30 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(с = 20 mAdc, lg = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


Both Types 
Both Types 


MPSA92 25 
MPSA93 25 


VCE(sat) 


VBE(sat) 


MPSA92 
MPSA93 


МР5А92 
MPSA93 


MOTOROLA SEMICONDUCTORS 
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MPSA92, MPSA93 


FIGURE 1—DC CURRENT GAIN 


=H 
| pe 


ПЕЕ, DC CURRENT GAIN 


1с, COLLECTOR CURRENT (mA) 


FIGURE 2 — CAPACITANCES FIGURE 3 - CURRENT-GAIN -CBANDWIDTH PRODUCT 
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C, CAPACITANCE (pF) 


fr, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 
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VR, REVERSE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — ACTIVE-REGION SAFE 
FIGURE 4 — “ON” VOLTAGES OPERATING AREA 
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CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Refer to 2N4400 Тог MPSDO05 graphs.” 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage | Мсво | 25 | 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to 
Ambient(1) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 тАас, Ів = 0) 

Collector-Base Breakdown Voltage 
(Ic = 10 џАдс, ЈЕ = 0) 

Collector Cutoff Current 
(УСЕ = 20 Vdc) 

Collector Cutoff Current 
(Усв = 20 Мас, ЈЕ = 0) 

Emitter Cutoff Current 
(Veg = 3.0 Мас, Іс = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 
(Ic = 100 mAdc, Vcg = 5.0 Мас) 
(Ic = 500 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 100 mAdc, lg = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Іс = 50 mAdc, Vcg = 10 Мас, 


V(BR)CEO 
V(BR)CBO 
ІСЕО 
ICBO 


ЕВО 


МСЕ (ва!) 


f = 100 MHz) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


*Refer to 2N4402 for MPSD55 graphs. 
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MAXIMUM RATINGS MPSH02 
[ Unt | 


Collector-Emitter Voltage 
Collector-Base Voltage 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —55 to +150 " 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | | Max Unit 
Thermal Resistance, Junction to Case | Rac | 833 | “Ст | 
Thermal Resistance, Junction to Ambient RaJAU) | 20 | mw | 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x  Chameerstit | Symbo | Mi | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 дАдс, |с = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcg = 10 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hrE 
(с = 4.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(VCB = 10 Vdc, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 
(VAGC = 1.4 Vdc, Rg = 50 Ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(VAGC = 1.4 Vdc, Rg = 50 Ohms, f = 200 MHz) 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSH02 


AGC CHARACTERISTICS 
FIGURE 1 — POWER GAIN 


Gpe, POWER GAIN (dB) 


0 10 20 30 40 5.0 6.0 
Улес, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 


(Мсс = 12 Мас, Rs = 50 Ohms, f = 200 MHz, See Figure 9) 
FIGURE 2 — NOISE FIGURE 


NF, NOISE FIGURE (dB) 


0 10 2.0 3.0 40 5.0 6.0 
Үлес, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 


COMMON-EMITTER y PARAMETERS 
FIGURE 3 — INPUT ADMITTANCE 


а= he 


Vie, INPUT ADMITTANCE (mmhos) 


0 
40 60 80 100 200 300 
f, FREQUENCY (MHz) 


(Ic = 4.0 mAdc, Vcg = 10 Vde, TA = 25°C) 
FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


Уге, TRANSFER ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Мас, TA = 25°C) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 6 — OUTPUT ADMITTANCE 
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MPSH02 


FIGURE 7 — DC CURRENT GAIN FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
13 
Vee = 10 Vdc 
Ta = 25°C 
12 
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FIGURE 9 — 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 


50 OHMS 
INPUT 


820 pF 


T, = FERRITE CORE INDIANA GEN. CORP. F-684 
T, = 6 TURNS #16 BUSS WIRE, 10 = 14", L = 3" 
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МР5Н04 
MPSH05 MAXIMUM RATINGS 


CASE 29-02, STYLE 1 Collector-Emitter Voltage VcEO 
, 
ТО-92 (ТО-226АА) Emitter-Base Voltage “eeo 4.0 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C Pp 


Derate above 25°C 


Total Device Dissipation (a Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient RgJA(1) 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min Typ Max | unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 100 „Adc, Ic = 0) 


Collector Cutoff Current (сво 
(Vcg = 60 Мас, ЈЕ = 0) 


Emitter Cutoff Current ЕВО 
(МЕВ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.5 mAdc, Vcg = 10 Мас) MPSH04 
МР5Н05 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Crrent-Gain — Bandwidth Product 
(Ic = 1.5 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, f = 1.0 MHz) 


Output Admittance 
(Ic = 1.5 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 1.5 mAdc, Vcg = 10 Мас, Rs = 50 ohms, f = 1.0 MHz) МР5Н04 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSH07 
MPSHOS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
[GolsctorEmiterVotage | vero | % | ve | 
Г Conecornasa Моне — | veso | 3 | ve | 


| 30 | № | 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 
Operating and Storage Junction ТЈ, Tstg | -55 +150 °С 
Temperature Range 
THERMAL CHARACTERISTICS 


NPN SILICON 
Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case 


FM/VHF TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | ма | Mex | шй | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 100 „Айс Ic = 0) 

Collector Cutoff Current ІСВО 
(Vcg = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 3.0 mAdc, Vcg = 10 Мас) 


OFF CHARACTERISTICS 


Base-Emitter On Voltage 
(Ic = 3.0 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 3.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Emitter Capacitance 
(УСЕ = 10 Мас, lg = 0, f = 1.0 MHz, base guarded) 


Noise Figure 
(Ic = 3.0 mAdc, Vcg = 10 Мас, Rg = 50 Ohms, f = 100 MHz) MPS-H07 
(с = 3.0 mAdc, Усв = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) MPS-H08 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Ic = 3.0 mAdc, Vcg = 10 Мас, Rs = 50 Ohms, f = 100 MHz) MPS-H07 
(Ic = 3.0 mAdc, Усв = 10 Мас, Rs = 50 Ohms, f = 200 MHz) MPS-H08 


Forward AGC Current 


(Gain Reduction = 30 dB, Rg = 50 Ohms, f = 100 MHz) MPS-H07 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) MPS-H08 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSH07, МРЅНО8 


AGC CHARACTERISTICS 
Усс = 10 Мас, Rg = 50 Ohms, See Figure 9 
—f=100MHz  ——-f- 200 MHz 


NF, NOISE FIGURE (dB) 


брь, COMMON BASE POWER GAIN (dB) 


0 
А Д d : 0 10 20 30 40 50 60 70 80 90 10 
дес» AUTOMATIC GAIN CONTROL CURRENT (mA) 1дбс, AUTOMATIC GAIN CONTROL CURRENT (mA) 


COMMON-BASE y PARAMETERS 


н NT 
Vcg 10 Мас, ТА 25°C 


— f = 100 MHz ———f = 200 MHz 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 
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Yip, COMMON-BASE INPUT ADMITTANCE (mmhos) 
Yrb, REVERSE TRANSFER ADMITTANCE (mmhos) 


0 10 20 30 40 50 60 70 80 90 10 0 10 20 30 40 50 60270 80 90 10 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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Yfb, FORWARD TRANSFER ADMITTANCE (mmhos) 
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Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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MPSH07, MPSH08 


FIGURE 7 — COLLECTOR-BASE TIME CONSTANT 


rb'Cc, COLLECTOR-BASE TIME CONSTANT (ps) 
іт, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


1000 pF 


ars s 


FIGURE 8 — CURRENT-GAIN BANDWIDTH PRODUCT 


30 40 50 60 70 
16, COLLECTOR CURRENT (mA) 


JOHANSON 
TRIMMER 


1000 pF 


OUTPUT 


OMIT FOR 
200 MHz TEST 


FREQUENCY 


100 MHz — LI — 11 TURNS NO. 16 AWG, 4" 1.0., 
TAPPED % TURNS FROM COLD END. 


200 MHz — L2 — 6 TURNS МО. 16 AWG, %" I.D., 
TAPPED % TURNS FROM COLD END. 
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MOTOROLA SEMICONDUCTORS 


MPSH10 
MPSH11 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


VHF/UHF TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Symbol 
УСЕО 


Collector-Base Voltage VCBO 


Emitter-Base Voltage 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


- 55 to + 150 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case Rac 


Thermal Resistance, Junction to Ambient RaJA 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sume | min | We | би | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 25 Vdc, ЈЕ = 0) 


Emitter Cutoff Current 
(VBE = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 4.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(с = 4.0 mAdc, Ів = 0.4 mAdc) 


Base-Emitter On Voltage 
(Ic = 4.0 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, lp = 0, f = 1.0 MHz) 


Common-Base Feedback Capacitance 
(VcB = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Collector Base Time Constant 


V(BR)CEO 
V(BR)CBO 


V(BR)EBO 


VCE(sat) 


VBE 


MPS-H10 
MPS-H11 


(с = 4.0 mAdc, Vcg = 10 Мас, f = 31.8 MHz) 


MOTOROLA SEMICONDUCTORS 
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MPSH10, MPSH11 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Мас, Ic = 4.0 mAdc, TA = 25°C) 


yib, INPUT ADMITTANCE 
FIGURE 1 — RECTANGULAR FORM FIGURE 2 — POLAR FORM 


— 
+ 
+ 


jbib (mmhos) 
өз 
e 


Үй, INPUT ADMITTANCE (mmhos) 


0 10 20 30 40 50 60 70 80 
f, FREQUENCY (MHz) gib (mmhos) 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VCB = 10 Vdc, Ic = 4.0 mAdc, ТА = 259C) 


У, FORWARD TRANSFER ADMITTANCE 
FIGURE 3 — RECTANGULAR FORM FIGURE 4 — POLAR FORM 


jbfb (mmhos) 


ytb, FORWARD TRANSFER ADMITTANCE (mmhos) 


100 200 300 400 500 700 1000 
f, FREQUENCY (MHz) gfb (mmhos) 


Yrb, REVERSE TRANSFER ADMITTANCE 


FIGURE 5 — RECTANGULAR FORM FIGURE 6 — POLAR FORM 
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Yrb, REVERSE TRANSFER ADMITTANCE (mmhos) 
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MPSH10, MPSH11 


Yob, OUTPUT ADMITTANCE 
FIGURE 7 — RECTANGULAR FORM 
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FIGURE 8 — POLAR FORM 
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SMALL-SIGNAL DEVICES 


MPSH17 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 
MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


CATV TRANSISTOR 


THERMAL CHARACTERISTICS 
NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 15 Vde 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 дАдс, |с = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 Adc, Ic = 0) 


Collector Cutoff Current 
(Усв = 15 Vdc, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(С = 5.0 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 5.0 mAdc, Vcc = 12 Vdc, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 
Amplifier Power Gain 


(Ic = 5.0 mAdc, Усс = 12 Мас, Rg = 50 ohms, f = 200 MHz) 
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MPSH20 MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous lc | + | 
Total Device Dissipation @ TA = 25°C Pp mW 
Derate above 25°C mW/^/C 
Total Device Dissipation @ Tc = 25°C 1.0 Watts 
Derate above 25°C 8.0 mW/°C 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 
Temperature Range 


VHF TRANSISTOR THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 833 | см | 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 „Adc, Ic = 0) 
Collector Cutoff Current (сво 
(Усв = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 25 — — 
(с = 4.0 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Усв = 10 Vdc, lg = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(IE = 4.0 mAdc, Vcg = 10 Vdc, f = 31.8 MHz) 


Conversion Gain (213 to 45 MHz) 
(с = 4.0 mAdc, УСЕ = 10 Мас, Oscillator 
Injection = 200 mVdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-224 


MPSH20 


CONVERSION GAIN CHARACTERISTICS 


(TEST CIRCUIT FIGURE 9) 
FIGURE 1 — VARIATION WITH COLLECTOR CURRENT FIGURE 2 — VARIATION WITH INJECTION LEVEL 


VcE = 10 Vdc 
Oscillator Injection = 200 mV 
fosc = 258 MHz 


УСЕ = 10 Мас 


1с = 4.0 mAdc 
fsig = 213 MHz 


fsig = 213 MHz 
sig fip 45 MHz 


fip 45 MHz 


Gpc, CONVERSION GAIN (dB) 
Gpc, CONVERSION GAIN (dB) 


Ic, COLLECTOR CURRENT (mAdc) Vi, OSCILLATION INJECTION (mV) 


COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, TA = 25°C) 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 
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COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, TA = 25°C) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 


Yoe, OUTPUT ADMITTANCE (mmhos) 


yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


РА 
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FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 8 — CAPACITANCES 


ТА = 25°C 
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C, CAPACITANCE (pF) 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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FIGURE 9 — MIXER TEST CIRCUIT 


fsig = 213 MHz 1.5-15 pF 


85 = 50 OHMS 
S 0.01 uF НЕ = 45 MHz 


fosc = 258 MHz 
OSCILLATOR INJECTION 


Rg = 50 OHMS 


+10 Vdc 


= (-)VEE 


L1=3 TURNS #18 ENAMELED WIRE, 
1/4" 1.0., AIR WOUND, WINDING LENGTH 1/2"; 
BASE TAPPED 1 TURN FROM GROUND. 


125 10 TURNS #26 INSULATED WIRE, WOUND 
ON 1/4" 1.0. COIL FORM, ARNOLD PART 
NO. A1-10 IRON POWDER CORE. 
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MPSH24 


CASE 29-02, STYLE 2 
MAXIMUM RATINGS TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


VHF TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Mm | Ош | 
Thermal Resistance, Junction to Ambient Raa 357 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic 7 | Symb! | Min | тур | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(С = 100 „Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 

Collector Cutoff Current 


(VcB = 15 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 8.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 8.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, lp = 0, f = 1.0 MHz) 


Conversion Gain 
(213 MHz to 45 MHz) 
(Ic = 8.0 mAdc, Усс = 20 Мас, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 
(с = 8.0 mAdc, Усс = 20 Мас, Oscillator Injection = 150 mVrms) 
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CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 
(Vcc = 20 Мас, Rs = RL. = 50 Ohms, fit = 44 MHz, B.W. = 6.0 MHz) 


FIGURE 1 — CONVERSION GAIN versus COLLECTOR CURRENT FIGURE 2 — CONVERSION GAIN versus INJECTION LEVEL 
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Ic, COLLECTOR CURRENT (mAdc) 1с, COLLECTOR CURRENT (тАдс) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 


Yor, OUTPUT ADMITTANCE (mmhos) 


yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 7 — VHF MIXER TEST CIRCUIT 
(fif = 44 MHz, B.W. = 6.0 MHz) 


m ir amm 

нам” 1.5-20 pF Ec 

8.0-60 pF 6.0-12 pF 
xam cam m 
| 05 [150 |  — | 

И | 5Turns #26 | 3 Turns #16 
Air, Tap 1 Turn | Air, Тар > Turn 


L2 | 10 Turns #26 | 10 Turns #26 
Air Arnold A1-10 
Core 


[ L3 | Ohmitez235 | - | 
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MPSH30 
MPSH31 MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation (v TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


IF AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case | Ruc | 823 | "cw | 
Thermal Resistance, Junction to Ambient RaJA() | 20 | "cw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Uni | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 — Vdc 
(Ic = 1.0 тАдс, в = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 — Vdc 
(с = 100 „Adc, |с = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current ICBO 
(Усв = 10 Vdc, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 20 200 
(Ic = 4.0 mAdc, Vcg = 5.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 0.1 3.0 
(с = 10 mAdc, Ів = 5.0 mAdc) 


Vdc 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(с = 10 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, УСЕ = 10 Vdc, = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, lg = 0, = 1.0 MHz, emitter guarded) 


Noise Figure 
(VAGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 


FUNCTIONAL TESTS 


Power Gain 
(VAGC = 2.75 Мас, Rg = 50 ohms, f = 45 MHz) 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rg = 50 ohms, f = 45 MHz) MPS-H30 
MPS-H31 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
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MPSH32 


CASE 29-02, STYLE 2 
MAXIMUM RATINGS TO-92 (TO-226AA) 


| Raig | Symbol | Value | 
Collector-Emitter Voltage VCEO | 3 | Vdc 
Collector-Base Voltage VCBO [| | vd | 
| 40 | мас 
с 


Emitter-Base Voltage VEBO 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


VHF TRANSISTOR 
NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Røa | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Typ | Mex | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (lc = 1.0 mAdc, Ів = 0) V(BR)CEO | № | — | — | we | 


Collector-Base Breakdown Voltage (Іс = 100 „Adc, Іс = 0) 
Emitter-Base Breakdown Voltage (lg = 100 „Аас, Ic = 0) 
Collector Cutoff Current (Vcg = 10 Мас, lg = 0) ІСВО 

ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage (с = 10 mAdc, Ів = 5.0 mAdc) ЕСТЕ БЕР 18. | -30 | м | 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 5.0 mAdc) VBE(sat) | = | 09 | 12 | ме | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


Collector-Base Capacitance 
(св = 10 Мас, ЈЕ = 0, f = 1.0 MHz) (Emitter Guarded) 


Noise Figure (Ig=4.0 mAdc, УсЕ=9.3 Мас, VAGC = 2.75 Мас, 
Rs = 50 Ohms, f = 45 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(IE=4.0 mAdc, УсЕ=9.3 Мас, VAGC = 2.75 Мас, 
Rs = 50 Ohms, f = 45 MHz) 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 45 MHz) 


БЕС | ше 
| we | — | mno | — [mmes] 
Forward Transfer Admittance Phase Angle | за | — | — | — | Hesrees | 
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Output Capaticance 


Maximum Unilateralized Power Gain 
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AGC CHARACTERISTICS 
Vcc = 12 Vdc, Rs = 50 Ohms, f = 45 MHz, See Figure 10 


FIGURE 1 — POWER GAIN FIGURE 2 — NOISE FIGURE 


ОРТ НА НА АДИ 
er LT 


Gpe, POWER GAIN (dB) 
NF, NOISE FIGURE (dB) 


0 1.0 2.0 3.0 4.0 5.0 6.0 0 1.0 2.0 3.0 4.0 5.0 6.0 
VAGC, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) VAGC, AUTOMATIC GAIN CONTROL (VOLTS) 


COMMON-EMITTER y PARAMETERS 
VCE = 10 Vdc, f = 45 MHz, Ta = 25°C 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


Yie, INPUT ADMITTANCE (mmhos) 


Үге, REVERSE TRANSFER ADMITTANCE (mmhos) 


0 2.0 4.0 6.0 8.0 10 12 0 2.0 4.0 6.0 8.0 10 12 
ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 


Yoe, OUTPUT ADMITTANCE (mmhos) 


уњ, FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 7 — DC CURRENT GAIN FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
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ЋЕЕ, DC CURRENT GAIN 
Ceb, COLLECTOR-BASE CAPACITANCE (pF) 
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Ic, COLLECTOR CURRENT (mAdc) Усв, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 9 — CURRENT-GAIN—BANDWIDTH PRODUCT 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 10 — 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 


RF BEADS 
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CASE 29-02, STYLE 2 


TO-92 (TO-226AA) MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


IF TRANSISTOR 


NPN SILICON THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient RaJA 357 °C/W 


= 
Г) 
х 
c 
2. 
= 


Refer to MPSH24 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [sms | wm | Tye | мы | uw | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 дАдс, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Іс = 0) 


Collector Cutoff Current (сво 
(Vcg = 30 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 7.0 mAdc, Vcg = 15 Vdc) 
(Ic = 20 mAdc, Усе = 2.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 20 mAdc, Ів = 2.0 mAdc) 


Base-Emitter On Voltage VBE(on) 
(с = 7.0 mAdc, Vcg = 15 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 15 mAdc, Vcg = 15 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Vdc, lp = 0, f = 1.0 MHz) 


Current-Gain — Bandwidth Ratio 
(Ic = 15 mAdc to Ic = 20 mAdc, Vcg = 15 Vdc) 
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MAXIMUM RATINGS MPSH55 


m NN 
Collector-Emitter Voltage УСЕО | | vd | 
Emitter-Base Voltage VEBO z= | Vd 
Collector Current — Continuous Ic 


c 
c 
Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/^/C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Character | Symbol | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RagJA(1) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characters | Зутво | Mi | тур | Mex | Unt | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, Іс = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current 


(Vcg = 60 Vdc, ЈЕ = 0) 


Emitter Cutoff Current 
(УЕВ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.5 mAdc, Vcg = 10 Мас) 


MPSH55 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, в = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 1.5 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


Output Admittance 
(с = 1.5 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(с = 1.5 mAdc, Vcg = 10 Мас, Rs = 50 ohms, f = 1.0 MHz) МР5Н54 
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CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


|Rating — | Symbo | Vae | Unt | 
| Collector-Emitter Voltage | Vceo | 20 | уж | 
| Collector-Base Voltage | Усво | 20 | vd | 
[EmiterBase Voltage — — — — | Veso | 30 | № 


Total Device Dissipation @ TA = 25°C 


Derate above 25°C ane 
RF AMPLIFIER TRANSISTOR Operating and Storage Junction Ty, Tstg —55 to +150 mm 
Temperature Range 


PNP SILICON 
THERMAL CHARACTERISTICS 


Characteristic | Symbo | Max | Unit | 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| сю — || Symb! | Mim | Te | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcg = 10 Мас, ЈЕ = 0) 

Emitter Cutoff Current 100 nAdc 
(УВЕ = 2.0 Мас, lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 5.0 mAdc, Ів = 0.5 mAdc) 

Base-Emitter On Voltage VBE(on) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Collector-Emitter Capacitance 
(Ig = 0, Vcg = 10 Мас, f = 1.0 MHz) 
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MPSH81 


TYPICAL COMMON-BASE y-PARAMETERS 
(Vcg = 10 Vdc, TA = 25°C, Frequency Points in MHz) 


FIGURE 1 — INPUT ADMITTANCE FIGURE 2 — REVERSE TRANSFER ADMITTANCE 


bib, (mmhos) 
brb, (mmhos) 


gib, (mmhos) grb, (mmhos) 


FIGURE 3 — FORWARD TRANSFER ADMITTANCE FIGURE 4 — OUTPUT ADMITTANCE 


bfp, (mmhos) 
bob, (mmhos) 


gfb, (mmhos) Job, (mmhos) 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 


fr, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


1с, COLLECTOR CURRENT (mA) 
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MPSLO1 MAXIMUM RATINGS 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C Pp 
Derate above 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case | Rac | 833 | w | 
Thermal Resistance, Junction to Ambient | Raa | 20 | “cw | 
Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 140 Vdc 
(Ic = 100 uAdc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Іс = 0) 
Collector Cutoff Current ICBO uAdc 
(Усв = 75 Мас, ЈЕ = 0) 
Emitter Cutoff Current ЕВО 
(Veg = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) hrE 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) Мас 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 0.20 
0.30 
VBE(sat) Vdc 
ka 
1.4 


(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(1с = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, lg = 5.0 mAdc)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Мсв = 10 Мас, lg = 0, = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSL51 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction TJ, Tstg —55 to +150 зе 
Temperature Range 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N5400 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


|2 те | Symb | ма | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 100 — Vdc 
(с = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 100 — Vdc 
(Ic = 100 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO .0 — Vdc 
ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current ICBO — 
(Vcg = 50 Мас, lg = 0) 
Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain(1) ПЕЕ 
(С = 50 mAdc, МСЕ = 5.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(ІС = 50 mAdc, Ів = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 тАдс) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
(1) Pulse Test: Pulse Test = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


MPSW01 
MPSW01A 


Collector-Emitter Voltage 
MPSW01 
МР5УУОЛА 


Collector-Base Voltage 
MPSW01 
MPSWO01A 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH CURRENT TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


[Characteristic — | Symb | Me | Unit | 
Thermal Resistance, Junction to Case | Rac | 5 | cow | 
Thermal Resistance, Junction to Ambient | Raa | "75 | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 тАабс, Ів = 0) MPSW01 
MPSWO01A 


Collector-Base Breakdown Voltage VIBR)CBO 
(с = 100 дАдс, ЈЕ = 0) MPSWO1 
MPSW01A 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, Ic = 0) 

Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) MPSW01 
(Vcg = 40 Мас, ЈЕ = 0) MPSW01A 


Emitter Cutoff Current 
(МЕВ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain ПЕЕ 

(Ic = 10 mAdc, Vcg = 1.0 Мас) 

(с = 100 тАдс, Vcg = 1.0 Мас) 

(Ic = 1000 mAdc, Vcg = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 1000 mAdc, lg = 100 mAdc) 

Base-Emitter On Voltage VBE(on) 1.2 Vdc 
(Ic = 1000 mAdc, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, МСЕ = 10 Vdc, = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
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MPSW01, MPSWO01A 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT FIGURE 6 — CAPACITANCE 


C, CAPACITANCE (pF) 


ty, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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МР5У/01, MPSW01A 


FIGURE 7 — ACTIVE REGION-SAFE OPERATING AREA 
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MPSW05 
MPSW06 


MAXIMUM RATINGS 


________вања | Symbol |MPSWos]MPSwoe) Uni | 
[ToneciorEminer vonage | veo | 60 | № | м | 
‘collectorBase Voltage — | veso | eo | so | Vds | 
[ EmiterBase Votage — — — | veeo | a0 | № 
[Conector Curent — continuous — | ic | so 


Total Device Dissipation @ TA = 25°C 1.0 Watt 
Derate above 25°C 8.0 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | RaA | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


__ спале | Symbi | ма | Mex | Un | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 

(Ic = 1.0 mAdc, Ів = 0) MPSW05 60 
MPSWO6 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current ІСЕО pAdc 
(УСЕ = 40 Мас, lg = 0) MPSW05 
(МСЕ = 60 Vdc, Ів = 0) МР5У/06 

Collector Cutoff Current ІСВО pAdc 
(Усв = 40 Мас, ЈЕ = 0) MPSWO5 0.1 
(Усв = 60 Мас, ЈЕ = 0) МР5У/06 0.1 


Emitter Cutoff Current 
Мев = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 50 mAdc, Vcg = 1.0 Мас) 
(Ic = 250 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 250 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 250 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 200 mAdc, МСЕ = 5.0 Мас, f = 20 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPSW10 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH VOLTAGE TRANSISTOR 


Refer to MPSW42 for graphs. 


MAXIMUM RATINGS 


CE жы чш NEC M 
И и mue mm 
ECT Г ON 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 „Adc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 200 Мас, ЈЕ = 0) 
Emitter Cutoff Current 
(Veg = 6.0 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(Ic = 30 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage 
(с = 30 mAdc, Ів = 3.0 mAdc) 
Base-Emitter On Voltage 
(с = 30 mAdc, Vcg = 10 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Collector-Base Capacitance 


V(BR)CEO 
V(BR)CBO 
V(BR)EBO 


ІСВО 


VBE(on) 


(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width « 


300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 
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MPSW13 
MAXIMUM RATINGS MPSW14 


Collector-Emitter Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Characteristic вы | ма | Mex | un | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 дАдс, Vee = 0) 

Collector Cutoff Current ІСВО 
(VcB = 30 Мас, ЈЕ = 0) 


(УЕВ = 10 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain hrE 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) MPSW13 5000 
MPSW14 10,000 
(С = 100 mAdc, Vcg = 5.0 Мас) MPSW13 10,000 
MPSW14 20,000 
Collector-Emitter Saturation Voltage VCcE(sat) Vdc 
(с = 100 mAdc, Ів = 0.1 mAdc) 
Base-Emitter On Voltage Vdc 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr = |htel * ftest. 
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MPSW13, MPSW14 


FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 2 — DC CURRENT GAIN 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


Ме, SMALL-SIGNAL CURRENT GAIN 


FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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C, CAPACITANCE (pF) 


FIGURE 7 — CAPACITANCE 
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MOTOROLA SEMICONDUCTORS 


MPSW42 
MPSW43 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 
[cotecoreminer Vote — | vero | 3% | 200 | \ | 


Emitter-Base Voltage VEBO 


Collector Current — Continuous | ip |_. о -..| 
Total Device Dissipation @ TA = 25°C 1.0 
Derate above 25°C 8.0 М/С 
Total Device Dissipation @ Тс = 25°C Watts 
Derate above 25°C mW/^C 
Operating and Storage Junction ТЈ, Tstg —55 to +150 °С 
Temperature Range 


HIGH VOLTAGE 


TRANSISTOR THERMAL CHARACTERISTICS 
Мак | 
aen | Symbol | | Um | 


Thermal Resistance, Junction to Case | Rac | 5 | см | 
Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, в = 0) MPSW42 300 — 
MPSW43 200 — 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 „Adc, ЈЕ = 0) MPSW42 300 — 
MPSW43 200 — 
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc 
ЧЕ = 100 дАдс, Ic = 0) 
Collector Cutoff Current ICBO uAdc 
(Vcg = 200 Мас, ЈЕ = 0) MPSW42 — 0.1 
(Vcg = 160 Vdc, ЈЕ = 0) MPSW43 — 0.1 
Emitter Cutoff Current ЕВО pAdc 
(VEB = 6.0 Vde, Ic = 0) MPSW42 — 0.1 
Мев = 4.0 Мас, Іс = 0) MPSW43 — 0.1 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) Both Types 
(с = 10 mAdc, Vcg = 10 Vdc) Both Types 
(с = 30 mAdc, VcE 


10 Vdc) MPSW42 
MPSW43 

Collector-Emitter Saturation Voltage VCE(sat) 
(с = 20 mAdc, Ів = 2.0 mAdc) MPSW42 
MPSW43 


Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, lg = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) 


Collector-Base Capacitance 
(VCB = 20 Мас, lg = 0, f = 1.0 MHz) MPSWA2 
MPSW43 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSW42, MPSW43 


FIGURE 1 — D.C. CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW42, MPSW43 


FIGURE 7 — ACTIVE REGION SAFE OPERATING AREA 
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MPSW45 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient 
Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [этш | ми | Me | Um |7 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 40 Vdc 
(С = 100 „Adc, УВЕ = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 50 Vde 
(с = 100 „Adc, |с = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 12 
(Е = 10 рАас, Ic = 0) 

Collector Cutoff Current ІСВО — 
(Vcg = 30 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(Veg = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 200 mAdc, Vcg = 5.0 Мас) 
(Ic = 500 mAdc, Vcg = 5.0 Мас) 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(с = 1.0 Аас, Ів = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(с = 1.0 Adc, Ів = 2.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 1.0 Аас, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 200 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, ЈЕ = 0, = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


|. Rating | Symbol | Value | Unit | 


Collector-Emitter Voltage Vdc 
MPSW51 
MPSW51A 


MPSW51 
MPSW51A 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector-Base Voltage 
MPSW51 
MPSW51A 


Emitter-Base Voltage 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH CURRENT TRANSISTOR 


THERMAL CHARACTERISTICS 


PNP SILICON 


Characteristic Symbol Unit 


Thermal Resistance, Junction to Case | Rac | 5 | cw | 
Thermal Resistance, Junction to Ambient | Раја | __125 | cw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sm | min | we | um | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Мас 
(Ic = 1.0 тАдс, в = 0) MPSW51 
MPSW51A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) MPSW51 
MPSW51A 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) MPSW51 
(Усв = 40 Мас, Іс = 0) MPSW51A 


Emitter Cutoff Current 
(МЕВ = 3.0 Мас, Іс = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 10 тАдс, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 
(с = 1000 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 1000 mAdc, lg = 100 mAdc) 


Base-Emitter On Voltage 
(с = 1000 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2.0%. 
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MPSW51, MPSW51A 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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V, VOLTAGE (VOLTS) 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW51, MPSW51A 


FIGURE 7 — ACTIVE REGION-SAFE OPERATING AREA 
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MPSW55 
MPSW56 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C МС 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


| Characteristic | Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Rac | 5 | “°w | 
Thermal Resistance, Junction to Ambient | Raa | 975 | œ | 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | ма | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 

(Ic = 1.0 тАдс, Ів = 0) MPSW55 60 
MPSW56 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 uAdc, Іс = 0) 

Collector Cutoff Current ІСЕО pAdc 
(УСЕ = 40 Vdc, Ів = 0) MPSW55 
(МСЕ = 60 Мас, Ів = 0) MPSW56 

Collector Cutoff Current ІСВО pAdc 
(Усв = 40 Мас, Ip = 0) MPSW55 
(Vcg = 60 Мас, Ig = 0) MPSW56 


Emitter Cutoff Current ЕВО 
(МВ = 3.0 Vdc, Іс = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 
(Ic = 250 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) — 0.5 Vdc 
(с = 250 mAdc, lg = 10 mAdc) 


Base-Emitter On Voltage VBE(on) — 12 Vdc 
(Іс = 250 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 250 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance Cobo 
(Vcg = 10 Мас, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW55, MPSW56 


FIGURE 1 — D.C. CURRENT GAIN 
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MPSW55, MPSW56 


FIGURE 6 — CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 7 — ACTIVE REGION - SAFE OPERATING AREA 
= 
= (= 
= па =a. Duty Cycle m 
E a -4- 
° gd Lab... E шалаа: 
= & 500 === 
E = E s 
| - === 
E 8 200 Hasa Ses a 
e 
5 Зоо mami 
= e КЕ ee) «Алеша зз. олы 
E S | === == === = =a s= = =— 
Š > ------ Current Limit ЕЗІ 
5 ------ Thermal Limit = 
ы 20 
Е 10 Second Breakdown Limit 
= 20 30 50 70 10 20 30 50 70 100 200 1.0 2.0 5.0 10 20 60 80 100 
Е: Ic, COLLECTOR CURRENT (тА) Усе, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-257 


MPSW60 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 
Collector-Emitter Voltage МСЕО | -- о | № | 
Collector-Base Voltage Усво | з | № | 
Emitter-Base Voltage y и пиана Мас 
Collector Current — Continuous | mAdc | 


Total Device Dissipation @ TA = 25°C во 0 Watt 
Derate above 25°C 8.0 mW/^/C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW^C 
Operating and Storage Junction TJ, Tstg – 55 to +150 % 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Ruc | 50 | см | 
Thermal Resistance, Junction to Ambient | Rua | v5 | см | 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


Refer to MPSW92 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sym | ма | Me | бо | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 дАдс, Іс = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


ЧЕ = 10.0 дАдс, Ic = 0) 


Collector Cutoff Current ICBO 
(Vcg = 200 Мас, lg = 0) 


Emitter Cutoff Current ЕВО 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
(с = 30 mAdc, Vcg = 10 Vdc) 
Coilector-Emitter Saturation Voltage VCE(sat) 

(с = 20 mAdc, Ів = 2.0 mAdc) 
Base-Emitter On Voltage VBE(on) 

(с = 20 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Мас, lg = 0, f = 10 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 
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MAXIMUM RATINGS MPSW63 


— mi | rt |_| iis d 


Collector-Emitter Voltage VCES | 3 | vd | 
Collector-Base Voltage VCBO | 3 | Vd | 


Emitter-Base Voltage VEBO | ^" | Vdc 


Collector Current — Continuous | с | 80 | mad | 
Total Device Dissipation @ TA = 25°C 1.0 Watt 

Derate above 25°C 8.0 mW/^C 
Total Device Dissipation @ Tc = 25°C Watts 

Derate above 25°C mW/°C 

Operating and Storage Junction ТЈ, Tstg —55 to +150 

Temperature Range 
THERMAL CHARACTERISTICS DARLINGTON TRANSISTOR 


| Characteristic — | Symbol | Мах | Unt | 
Thermal Resistance, Junction to Case | Rac | 5 | см | 
Thermal Resistance, Junction to Ambient | Raa | 75 | °w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic ü | Symb | ма | Me [| ши | 
MPSW63 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(Ic = 100 дАдс, Уве = 0) 
Collector Cutoff Current 
(Усв = 30 Мас, ЈЕ = 0) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 100 mAdc, Ів = 0.1 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(с = 100 mAdc, Vcg = 5.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


PNP SILICON 


Emitter Cutoff Current 
(ев = 10 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 5.0 Мас) MPSW63 
MPSW64 


(ІС = 100 mAdc, Vcg = 5.0 Мас) 


(с = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr = |hfel * ftest. 
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MPSW63, MPSW64 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 
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MPSW63, MPSW64 


FIGURE 6 — CAPACITANCE FIGURE 7 — ACTIVE REGION, SAFE OPERATING AREA 
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MPSW92 
MPSW93 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Мах | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ів = 0) MPSW92 
MPSW93 


V(BR)CEO 


Collector-Base Breakdown Voltage 
(с = 100 дАдс, ЈЕ = 0) MPSW92 
МР5У/93 


V(BR)CBO 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 uAdc, Ic = 0) 
Collector Cutoff Current 

(Усв = 200 Мас, ЈЕ = 0) MPSW92 
(Усв = 160 Мас, ЈЕ = 0) MPSW93 
Emitter Cutoff Current ІЕВО 
(VEB = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS(1) 


— 0.1 uAdc 


DC Current Gain 
(с = 1.0 тАдс, Vcg = 10 Мас) Both Types 
(Ic = 10 mAdc, МСЕ = 10 Мас) Both Types 
(с = 30 mAdc, VcE = 10 Vdc) MPSW92 
MPSW93 


Collector-Emitter Saturation Voltage 
(с = 20 mAdc, lg = 2.0 mAdc) MPSW92 
MPSW93 


VCE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) 


Collector-Base Capacitance 
(Vcp = 20 Мас, ЈЕ = 0, f = 1.0 MHz) MPSW92 
MPSW93 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPSW92, MPSW93 


FIGURE 1 — D.C. CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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FIGURE 7 — ACTIVE REGION SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 


MSD6100 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Recurrent Peak Forward Current | к | A2 | 
Peak Forward Surge Current IFM(surge) 
(Pulse Width = 10 usec) 

Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg(1) | —55 to +135 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Breakdown Voltage Vdc 
((вв) = 100 мАчс) 
Reverse Current 

(VR = 100 Vdc) 
(VR = 50 Vdc) 

(VR = 50 Мас, Ta = 125°C) 


Forward Voltage 


DUAL SWITCHING DIODE 
COMMON CATHODE 


Hf H H 


(IF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 100 mAdc) 0.75 


Capacitance 
(VR = 0) 
Reverse Recovery Time 
(IF = IR = 10 mAdc, Vg = 5.0 Мас, irr = 1.0 mAdc) 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, 
Derate above 25°С — 8.0 mW/C, Т) = —65 to +150°C, в/с = 125°C/W. 
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MSD6102 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


DUAL DIODE 
COMMON CATHODE 


MAXIMUM RATINGS 


Reverse Voltage VR 


Recurrent Peak Forward Current 


Peak Forward Surge Current 
(Pulse Width = 10 us) 


Power Dissipation @ Ta = 25°C 


Derate above 25°C 


Operating and Storage Junction 


Temperature Range 


IFM(surge)| 500 ERN 
Pp(1) 625 туу 
5.0 mW^/C 


(1) Continuous package improvements have enhanced these guaranteed Maximum 


Ratings as follows: Рр = 1.0 W (а Тс = 25°C, Derate above 25°С — 8.0 mW/C, 


TJ = -65to +150°C, аус = 125°CAN. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Breakdown Voltage 

((вң) = 100 рАдс) 
Reverse Current 

(VR = 50 Vdc) 
Forward Voltage 

(Ip = 10 mAdc) 


Capacitance 
(Vn = 0) 


Reverse Recovery Time 
(Ip = IR = 10 mAdc, Vg = 5.0 Мас, |; = 1.0 mAdc) 
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SMALL-SIGNAL DEVICES 


MSD6150 


CASE 29-02, STYLE 4 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


Peak Forward Recurrent Current 


Peak Forward Surge Current mA 
(Pulse Width = 10 us) 
Total Device Dissipation @ Ta = 25°C LJE TE 
Ty, Tstg(1) | —55 to + 135 


Derate above 25°C 
Operating and Storage Junction 
Temperature Range 
ELECTRICAL CHARACTERISTICS ПА: = 25°C unless otherwise noted.) 
ee M X ше = 
Breakdown Voltage V(BR) 
((вв) = 100 мАчс) 
Reverse Current pAdc 
(VR = 50 Vdc) 
Forward Voltage 
(Ip = 10 тАдс) 
Capacitance 
(VR = 0) 
Reverse Recovery Time ter 
(IF = IR = 10 mAdc, Vg = 5.0 Мас, irr = 1.0 mAdc) 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, Derate 
above 8.0 mW/C, Рр = 10 W а Тс = 25°C, Derate above 80 mW/C, Ty, Таја = —55 to +150°, в/с = 12.5°C/W, gJA = 125°C. 


DUAL DIODE 
COMMON ANODE 
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CASE 318 
TO-236AA 


TO-236AB 


CASE 345-01 


А wide variety of discrete components from Motorola's rep- 
ertoire of reliability-proven semiconductor processes and geom- 
etries are available in the SOT-23 and SOT-89 packages. Prod- 
ucts include Bipolar and Field-Effect Transistors, Switching, 
Zener and Varactor Diodes. 

As an additional service to our customers SOT-23's are avail- 
able in: 

@ 8 mm tape and reel 


€ reverse pinout 


* standard profile (TO-236AA) or 
low profile (TO-236AB) 
Contact your Motorola representative for ordering information. 


Microminature 
Products 


BCW29,30 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Symbol 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage Усво 
Emitter-Base Voltage VEBO 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 2 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient | Røa | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symb! | ма | Mex | Un | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 2.0 тАдс, lg = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 џАдс, Veg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, Ic = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc 
ЧЕ = 10 „Adc, Іс = 0) 


Collector Cutoff Current 
(Усв = 20 Мас, ЈЕ = 0) 
(Vcg = 20 Мас, ЈЕ = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 5.0 Vdc) BCW29 


215 500 — 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Іс = 10 mAdc, Ів = 0.5 mAdc) 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(IE = 0, Vcg = 10 Мас, f = 1.0 MHz) 


Noise Figure 
(Ic = 0.2 mAdc, VcE = 5.0 Vdc, Rg = 2.0 kQ, f = 1.0 kHz, 
BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


BCW31,32,33 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Г. .mém sme | ve | Une] 
сос Сатет — Continuous — | с | № | 


THERMAL CHARACTERISTICS 


% 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | мах | Unt | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 

(с = 2.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, Ів = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 10 џАдс, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain ПЕЕ 
(Ic = 2.0 mAdc, Vcg = 5.0 Мас) 110 220 
200 450 
420 800 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 0.5 mAdc) 
Base-Emitter On Voltage VBE(on) 0.70 Vdc 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
ЧЕ = 0, Vcg = 10 Мас, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Noise Figure 
(Ic = 0.2 mAdc, Vcg = 5.0 Vdc, Rg = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


BCW60A,B,C,D 


CASE 318-02/03, STYLE 6 ——— 
SOT-23 (TO-236AA/AB) 

| Rating — | Symbol | Value | 
Collector-Emitter Voltage | Vco | 32 | 


Emitter-Base Voltage VEBO 
Collector Current — Continuous lc 
THERMAL CHARACTERISTICS 


[ _ шш [ие | Mk | 


*Total Device Dissipation, Ta = 25°С 

Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 2.0 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
ЧЕ = 1.0 дАдс, Іс = 0) 


Collector Cutoff Current 
(МСЕ = 32 Мас) 
(VcE = 32 Мас, Ta = 150°C) 


Emitter Cutoff Current 
(Veg = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 10 дАдс, Vcg = 5.0 Мас) BCW60A 
BCW60B 
BCW60C 40 = 
BCW60D 


2.0 mAdc, Vcg = 5.0 Мас) BCW60A 
BCW60B 180 310 
BCW60C 250 460 


BCW60D 


50 mAdc, Vcg = 1.0 Мас) BCW60A 
BCW60B 70 — 
BCW60C 90 — 


BCW60D 


2.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) BCW60A 
BCW60B 
BCW60C 
BCW60D 


Collector-Emitter Saturation Voltage 
(с = 50 mAdc, Ів = 1.25 mAdc) 
(Ic = 10 mAdc, Ів = 0.25 mAdc) 


Base-Emitter Saturation Voltage 


m | - |e] ™)] 
(с = 50 mAdc, lg = 1.25 mAdc) 


VBE(sat) Vde 
0.7 1.05 
(Ic = 50 mAdc, lg = 0.25 mAdc) 0.6 0.85 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


BCW60A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 
|2 әмннене | sma | Mm | ми | Um | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 5.0 Мас, = 1.0 MHz) 


Output Capacitance 


(МСЕ = 10 Мас, Іс = 0, f = 1.0 MHz) 


Noise Figure 
(с = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 2.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mAdc, Ір1 = 1.0 тАдс) 


Turn-Off Time 
(182 = 1.0 mAdc, Увв = 3.6 Мас, В1 = R2 = 5.0 КО, 
RI. = 990 0) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-5 


BCW61A,B,C,D 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Symbol | Value Unit 


Collector Current — Continuous lc 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


*Total Device Dissipation, TA = 25°C Pp 350 
Derate above 25°C 2.8 ы е 


Storage Temperature Tsta 150 "c 


*Thermal Resistance Junction to Ambient 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 32 — 
(с = 2.0 mAdc, Ів = 0) 
Emitter-Base Breakdown Voltage М(ВВЈЕВО 5.0 — Vdc 
(IE = 1.0 „Adc, Ic = 0) 
Collector Cutoff Current ICES 
(УСЕ = 32 Мас) — 20 nAdc 
(VcE = 32 Vdc, TA = 150°C) - 20 џАдс 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 10 дАдс, Vcg = 5.0 Мас) BCW61A 
BCW61B 
BCW61C 40 -- 
BCW61D 100 — 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) BCW61A 120 220 
BCW61B 140 310 
BCW61C 250 460 
BCW61D 380 630 
(с = 50 мАас, Vcg = 1.0 Vdc) BCW61A 60 — 
BCW61B 80 -- 
ВСУУ61С 100 — 
BCW61D 100 — 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) BCW61A 125 250 
BCW61B 
BCW61C 
BCW61D 
Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, lg = 1.25 mAdc) 
(Ic = 10 mAdc, Ів = 0.25 mAdc) 
Base-Emitter Saturation Voltage 
(ІС = 50 mAdc, lg = 1.25 mAdc) 
(Ic = 10 mAdc, Ів = 0.25 mAdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


BCW61A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


x Characteristic | Symb! | ма | Mex | Unt | 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(МСЕ = 10 Vdc, Іс = 0, = 1.0 MHz) 


Noise Figure 
(с = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 2.0 КО, f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(с = 10 mAdc, въ = 1.0 mAdc) 


Turn-Off Time 
(IB2 = 1.0 mAdc, Увв = 3.6 Мас, Въ = R2 = 5.0 КО, RL = 990 2) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


BCW65A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


NPN SILICON 


GENERAL PURPOSE TRANSISTOR 


MAXIMUM RATINGS 


Rating | Symbol | Маше | Unt | 
[ColecorEmiterVotage |Усо | 32 | Уже | 


Collector-Base Voltage VCBO | 6 | Vdc 
Emitter-Base Voltage VEBO | 50 | Vdc 
Collector Current — Continuous mAdc 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


— — — MMC ME | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 10 дАдс, Veg = 0) 
Emitter-Base Breakdown Voltage 
(Ip = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 32 Мас, lg = 0) 
(МСЕ = 32 Мас, lp = 0, Ta = 150°C) 


Emitter Cutoff Current 
(ев = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(lc = 500 mAdc, VcE 


oil 


(Ic = 100 рАас, Vcg = 10 Vdc) 
(Ic = 10 mAdc, VcE = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 


2.0 Vdc) 


V(BR)CEO 
V(BR)CES 


V(BR)EBO 


Typ 


Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc) 


Base-Emitter Saturation Voltage 
(с = 500 mAdc, lg = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 


VCE(sat) 


VBE(sat) 


Input Capacitance 

(Veg = 0.5 Мас, Іс = 0, f = 1.0 MHz) 
Noise Figure 

(Ic = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 

f = 1.0 kHz, BW = 200 Hz) 
SWITCHING CHARACTERISTICS 


Turn-On Time 
Ивъ = !82 = 15 mAdc) 


1.0 kQ, 


Turn-Off Time 
(Ic = 150 mAdc, RL = 150 0) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


BCW66F 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


x Rang | Symbol | 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous 


ТЕНИМ. СНАБАСТЕНЕТОВ GENERAL PURPOSE TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Sym! | Ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 75 — Vdc 
(Ic = 10 uAdc, Veg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 


Collector Cutoff Current 
(МСЕ = 45 Мас, [С = 0) 
(ҮСЕ = 45 Мас, Іс = 0, Ta = 150°C) 
Emitter Cutoff Current 
(УЕВ = 4.0 Мас, Іс = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 100 Adc, Vcg = 1.0 Мас) 
(с = 10 mAdc, Vcg = 1.0 Уас) 
(с = 100 mAdc, VcE = 1.0 Vdc) 
(ІС = 500 mAdc, Vcg = 2.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, IB = 50 mAdc) 


VCE(sat) Vdc 
= 0.7 
(Ic = 100 mAdc, Ів = 10 mAdc) -- 0.3 
Base-Emitter Saturation Voltage VBE(sat) — Vdc 
(С = 500 mAdc, lg = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Noise Figure 
(с = 0.2 mAdc, Vcg = 5.0 Мас, Rs = 1.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(ІВ1 = !82 = 15 mAdc) 


ии 


Turn-Off Time 
(С = 150 mAdc, В = 150 0) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


BCW67,A,B,C 
BCW68,F,G 


MAXIMUM RATINGS 


| Rating — | Symbol | Bcwe7 | ВСМ68 | Unit | 

| Collector-Emitter Voltage | — | Мао | 32 | 45 | мас | 

| Collector-Base Voltage — — — | Усво | 45 | в | vdc | 
Vdc 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage Veso | 50 |у | 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C mW 
Derate above 25°C mW/°C 
Storage Temperature | Tag | 150 | < | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


ГГ ————Utc |_ми |_тр [ ми | Da] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) ВСУУ67 Series 
BCW68 Series 

dc 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 дАдс, Veg = 0) BCW67 Series 
BCW68 Series 


Collector Cutoff Current 
(VCE = 32 Vdc, Ip = 0) BCW67 Series 
(Усе = 45 Vdc, lg = 0) BCW68 Series 
(УСЕ = 32 Мас, lg = 0, Ta = 150°C) BCW67 Series 
(УСЕ = 45 Мас, lg = 0, Ta = 150°C) BCW68 Series 
Emitter Cutoff Current 
(VEB = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Мас) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


(Ic = 100 mAdc, Vcg = 1.0 Мас) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


(lc = 500 mAdc, Vc = 1.0 Мас) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


Collector-Emitter Saturation Voltage (lc = 100 mAdc, lg = 10 mAdc) VCElsat) 
Base-Emitter Saturation Voltage (с = 500 mAdc, IB = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance (Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 
Input Capacitance (Veg = 0.5 Мас, Ic = 0, = 1.0 MHz) 


Noise Figure (Іс = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 1.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-10 


BCW69,70 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


a | oe 
Collector-Emitter Voltage VCEO ща зе - 
Emitter-Base Voltage VEBO | 50 | 


Collector Current — Continuous Ic 


THERMAL САНДЕНЕ» 


| Characteristic — | Symboli | Мах | Unit | 

*Total Device Dissipation, Ta = 25°С влее 
Derate above 25°C mW^C 

ET ane L e | ШЫ МБ. 1 

| “Thermal Resistance Junction to Ambient | Raja | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2 | Symb | ма | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 2.0 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 100 „Adc, Veg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ip = 10 дАдс, Ic = 0) 

Collector Cutoff Current 


(Vcg = 20 Мас, ЈЕ = 0) 
(VcB = 20 Мас, Іс = 0, ТА = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ів = 0.5 mAdc) 

Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(Ic = 2.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
ЧЕ = 0, Vcg = 10 Мас, f = 1.0 MHz) 


Noise Figure 
(Ic = 0.2 mAdc, Vcg = 5.0 Мас, Rs = 2.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-11 


BCW71,72 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


С теё өше | мш | ән | 
Еве >= == z 


THERMAL CHARACTERISTICS 


Characteristic — | Symbol | Max | Ший | 
*Total Device Dissipation, TA = 25°C NEN NE 3 
Derate above 25°C mW^C 

| Storage Temperature | Teg | 459 | | 
LTD anata ie? | Bat | ae | ж 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 2.0 mAdc, Veg = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 2.0 mAdc, Veg = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 20 Мас, ЈЕ = 0) 
(Усв = 20 Мас, ЈЕ = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 0.5 mAdc) 
(Ic = 50 mAdc, Ів = 2.5 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 50 mAdc, 1в = 2.5 mAdc) 


Base-Emitter On Voltage VBE(on) 
(Ic = 2.0 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, VcE = 5.0 Мас, f = 35 MHz) 


Output Capacitance 
(IE = 0, Vcp = 10 Мас, f = 1.0 MHz) 


Input Capacitance 
(Ic = 0, Veg = 0.5 Мас, f = 1.0 MHz) 


Noise Figure 
(Ic = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 2.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-12 


BCX17,18 


PNP 


BCX19,20 
N 


NP 
CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Pas | 2 | ve | 
Cere vonage | veso | so | % | va | 
в | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient RaJA 


*Package mounted on 99.596 alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Min | тур | Mex | Umi | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 10 дАдс, Іс = 0) 


Collector Cutoff Current 
(Vcg = 20 Мас, |с = 0) 
(Vcg = 20 Мас, lg = 0, TA = 150°C) 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Усе = 1.0 Vdc) 100 
(Ic = 300 mAdc, Vcg = 1.0 Vdc) 70 
(С = 500 mAdc, Vcg = 1.0 Мас) 40 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 500 mAdc, Ів = 50 mAdc) 

Base-Emitter On Voltage VBE( on) Vdc 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


BCX51 
BCX52 
BCX53 


MAXIMUM RATINGS 


CASE 345-01, STYLE 1 
SOT-89 


| ot | o1 | ot | 
Collector Current — Continuous | о | qo | wo | te | 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characterstit | Symboli | — Mex | Unit | 


*Total Device Dissipation, Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW^C 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | ма | Мк | Un | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 10 mA) 
(Ic = 10 mA) 
(Ic = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 10 uA) 
(С = 10 pA) 
(Ic = 10 цд) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 дА) 

Collector Cutoff Current 
(Усв = 30 V) 

(Vcg = 30 V, Ty = 125°C) 


Emitter Cutoff Current 
(ев = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 5.0 mA, Vcg = 2.0 V) 

(Ic = 150 mA, Vcg = 2.0 V) BCX51 
(С = 150 mA, Vcg = 2.0 V) BCX52,53 
(Ic = 500 mA, Vcg = 2.0 V) 


40 
25 
Collector-Emitter Saturation Voltage VCE(sat) V 
(с = 500 mA, в = 50 mA) 
Base-Emitter On Voltage VBE(on) V 
(с = 500 mA, Vcg = 2.0 V) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


HN H 


(УСЕ = 5.0 V, Ic = 10 mA, f = 35 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX54 
BCX55 
BCX56 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
ee 
[Collector Emitter Voltage — — | сво | 45 | вю | во | v | 
| Collector-Emitter Voltage | Vcg | 45 | 60 | 10 | v | 
| Collector-Base Voltage | Мсво| 45 | 60 | 10 | у | 
| Emitter-Base Voltage — — | Vego | 50 | so | so | v | 
| BaseCurrent — | w | 01 | 01 | o1 | A | 


| Collector Current — Continuous | ic | 10 | 10 | 10 | A | 


THERMAL CHARACTERISTICS 


[ chame — — | Symbol | мы | Um | 
*Total Device Dissipation, TA = 25°C ЕЛЕ ТЕЗ 
Derate above 25°C 8.0 mW/^/C 
| Storage Temperature | | Tag | б | < | 

| "вета! Resistance Junction to Ambient | Ra | 96 | “cw 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) BCX54 
(Ic = 10 mA) BCX55 
(Ic = 10 mA) 
Collector-Base Breakdown Voltage 
(lc = 10 pA BCX54 
(lc = 10 uA) 
(с = 10 ДА) 
Emitter-Base Breakdown Voltage 
500 mA, lg = 50 mA) BCX54 


V(BR)CBO V 
а 
10 ША) 


ы 
V(BR)EBO 

10 мА) 
Collector Cutoff Current ІСВО 

(Vcg = 30 V) nA 

(VcB = 30 V, Ty = 125°C) pA 

Emitter Cutoff Current 

(VEB = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 5.0 mA, Vcg = 2.0 V) 
(Ic = 150 mA, Vcg = 2.0 V) 
(С = 500 mA, Vcg = 2.0 V) 


Collector-Emitter Saturation Voltage VCE(sat) V 
(с = 500 mA, Ів = 50 mA) 

Base-Emitter On Voltage VBE(on) V 
(Ic = 500 mA, Vcg = 2.0 V) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


H H H 


(УСЕ = 5.0 V, Ic = 10 mA, f = 35 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCX68 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


nating [Sma өш Т он 
Collector-Emitter Voltage VcEO 
Collector-Emitter Voltage в 


Emitter-Base Voltage | VEBO | 


Base Current 
Base Current — Maximum 
Collector Current — Continuous 
Collector Current — Maximum 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) 

Collector Cutoff Current 
(св = = 25 V) 

Emitter Cutoff Current 
(МЕВ = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(МСЕ = 10 V, Ic = 5.0 mA) 
(УСЕ = 1.0 V, Ic = 0.5 А) 
(МСЕ = 1.0 V, Ic = 1.0 А) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 A, Ів = 100 mA) 


Base-Emitter On Voltage 
(УСЕ = 10 V, Іс = 5.0 mA) 
(МСЕ = 1.0 V, [С = 1.0 A) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


V(BR)CEO 
ICBO 


ЕВО 


EHI 


(УСЕ = 5.0 V, Ic = 10 mA, f = 20 MHz) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


BCX69 


CASE 345-01, STYLE 1 
SOT-89 


стоте —] ms 
[ Conector Current — Continuous — | ic | № | 
[Conector Current — Maximum | iw | 20 | a | 


THERMAL CHARACTERISTICS 


Characteristic [Symbol | Me | Un | 
*Total Device Dissipation, TĄ = 25°C 1.0 Watt 
Derate above 25°C 8.0 ке 
Storage Temperature | Tag | ш | e | 
*Thermal Resistance Junction to Ambient кта EE m 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Mex | Unt | 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(Ic = 10 mA) 

Collector Cutoff Current ICBO nA 
(Усв = 25 V) 

Emitter Cutoff Current pA 
(VEB = 5.0 V) 


ON CHARACTERISTICS 


DC Current Gain hee 
(УСЕ = 10 V, Ic = 5.0 mA) 50 — 
(УСЕ = 1.0 V, Іс = 0.5 А) 375 
(УСЕ = 1.0 V, Ic = 1.0 А) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1.0 A, Ів = 100 mA) 


Base-Emitter On Voltage 
(МСЕ = 10 V, Ic = 5.0 mA) 
(МСЕ = 1.0 V, Ic = 1.0 А) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


OFF CHARACTERISTICS 


(УСЕ = 5.0 V, Ic = 10 mA, f = 20 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCX70G,H,J,K 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Г м — Г Зитво | Value | Unit | 
Collector-Emitter Voltage VcEO | æ | Vd | 
Collector-Base Voltage VCBO | 45 | 


Emitter-Base Voltage VEBO 


Collector Current — Continuous | je | | 


THERMAL CHARACTERISTICS 


[сыз — — |е [| мы | Um | 


*Total Device Dissipation, TA = 25°C mW 
Derate above 25°C туу/?С 

Storage Temperature | Te | Ao | c | 

*Thermal Resistance Junction to Ambient он ЖЮ OS 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 2.0 тАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 1.0 дАдс, Ic = 0) 

Collector Cutoff Current ICES 
(Усе = 32 Мас) 
(МСЕ = 32 Мас, Ta = 150°C) 


Emitter Cutoff Current ЕВО 
(VEB = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 10 дАдс, Vcg = 5.0 Vdc) BCX70G 
BCX70H 
BCX70J 
BCX70K 


2.0 mAdc, Vcg = 5.0 Vdc) BCX70G 
BCX70H 
BCX70J 
BCX70K 


50 mAdc, Vcg = 1.0 Мас) BCX70G 


BCX70H 
BCX70J 


BCX70K 


т 

Collector-Emitter Saturation Voltage VCE(sat) 

(Ic = 50 mAdc, Ів = 1.25 тАас) 

(с = 10 mAdc, Ів = 0.25 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 

(с = 50 mAdc, Ів = 1.25 mAdc) 0.7 1.05 

(с = 50 mAdc, lg = 0.25 mAdc) 0.6 0.85 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 

(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX70G,H,J,K 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(МСЕ = 10 Мас, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(с = 2.0 mAdc, Vcg = 5.0 Уас, f = 1.0 kHz) 


Noise Figure 
(Ic = 0.2 mAdc, Vcg = 5.0 Мас, Rg = 2.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(с = 10 mAdc, |81 = 1.0 mAdc) 


Turn-Off Time 
(ІВ2 = 1.0 mAdc, Увв = 3.6 Vdc, R1 = R2 = 5.0 КО, 
Ві = 990 0) 


SMALL-SIGNAL DEVICES 


BCX70G 
BCX70H 
BCX70J 
BCX70K 


MOTOROLA SEMICONDUCTORS 


BCX71G,H,J,K 


CASE 318-02/03, STYLE 6 — — 
SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage VCEO | æ | Vd | 
Collector-Base Voltage VCBO 
100 mAdc 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


*Total Device Dissipation, TA = 25°C Pp 
Derate above 25°C 


Storage Temperature Теа 150 °С 


*Thermal Resistance Junction to Ambient Raa 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 45 pex 


(lc = 2.0 mAdc, Ів = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 1.0 дАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 32 Мас) 
(МСЕ = 32 Мас, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 10 дАдс, Vcg = 5.0 Мас) BCX71G 
BCX71H 30 -- 
ВСХ71.) 40 A 
BCX71K 100 == 

(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) BCX71G 120 220 
BCX71H 140 310 
BCX71J 250 460 
BCX71K 


(Ic = 50 mAdc, VcE = 1.0 Мас) BCX71G 
BCX71H 80 — 
BCX71J 100 


BCX71K 


(с = 2.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) BCX71G 
BCX71H 
BCX71J 
BCX71K 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 0.25 mAdc) 
(с = 50 mAdc, Ів = 1.25 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
0.6 0.85 
0.68 1.05 
Base-Emitter On Voltage VBE(on) 0.6 0.75 Vdc 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 
Output Capacitance Cobo — 6.0 pF 


(УСЕ = 10 Мас, lc = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX71G,H,J,K 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Noise Figure 
(с = 0.2 mAdc, Vcg = 5.0 Мас, Rs = 2.0 КО, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(с = 10 mAdc, въ = 1.0 mAdc) 


Turn-Off Time 
(ІВ2 = 1.0 mAdc, Увв = 3.6 Мас, R1 = R2 = 5.0 КО, 
RL = 990 0) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


[Ram | Зитво | маще | Unt | 
Collector-Emitter Voltage VCEO um ж сы BH 


Collector-Emitter Voltage VCER 
(RBE = 50 (1) 
Collector-Base Voltage Es 


BFQ17 


CASE 345-01, STYLE 1 
SOT-89 


Emitter-Base Haec cae 1 E 


| Collector Current — Continuous | Current — Continuous 

Operating and Storage Junction EM Е. = вии to + t+ 
Temperature Range 

THERMAL CHARACTERISTICS 


(Characteristic | “Symbol | мы | Umt | 
*Total Device Dissipation, TA = 25°C 1.0 Watt 
Derate above 25°C 8.0 m m °C 
Storage Temperature 


*Thermal Resistance Junction to Ambient 


RF TRANSISTOR 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 25 
(Ic — 10 mA) 


Collector-Base Breakdown Voltage 40 
(Ic = 10 uA) 
Emitter-Base Breakdown Voltage 2.0 
(IE = 10 ША) 
Collector Cutoff Current 
(Усв = 20 V) 
(Усв = 20 V, TA = 150°C) 
Emitter Cutoff Current 
(МЕВ = 1.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 50 mA, Vcg = 5.0 V) 
(с = 150 mA, Vcg = 5.0 V) 
Collector-Emitter Saturation Voltage 
(с = 100 mA, Ів = 10 mA) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Vcg = 15 V, Іс = 150 mA, f = 500 MHz) 


Collector-Base Capacitance 
(Vcg = 15 V, f = 1.0 MHz) 


Reverse Transfer Capacitance Common-Emitter 
(МСЕ = 15 V, Ic = 10 mA, f = 1.0 MHz) 


(1) Typical only 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BFQ18A 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
| Vale | Unt | 
Emitter-Base Voltage 
Collector Current — Continuous | 4e „ИШ dex | má | 
C 


Operating and Storage Junction ТЈ, Tstg | —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


[| Characteristic — (| Symbol | Ма | Unt | 
Derate above 25°C 8.0 mW^C 
| Storage Temperature — || Te | o | © | 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


C 
°C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 

(с = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO V 
(с = 10 uA) 


Emitter-Base Breakdown Voltage V(BR)EBO М 
(IE = 10 мА) 


Collector Cutoff Current ІСВО nA 
(Vcg = 10 V) 

Emitter Cutoff Current nA 
(VEB = 1.0 V) 

ON CHARACTERISTICS 


DC Current Gain 
(с = 50 mA, Vcg = 10 V) 
(Ic = 100 mA, Vcg = 10 V) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(МСЕ = 10 V, Ic = 50 mA, f = 500 MHz) 
(1) Typical only 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BFQ19 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating Symbol | Value Unit 
Collector-Emitter Voltage VCEO 15 У 
Collector-Base Voltage Усво 20 V 
Emitter-Base Voltage VEBO 3.0 V 
Collector Current Max (f > 1.0 MHz) ICM 150 mA 
Collector Current — Average ICAV 75 mA 
Operating and Storage Junction TJ, Tstg —55 to +150 С 

Temperature Range _| „а | 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 10 mA) 

Collector-Base Breakdown Voltage 
(с = 10 pA) 

Emitter-Base Breakdown Voltage 
(IE = 10 uA) 

Collector Cutoff Current 
(Vcg = 10 V) 

Emitter Cutoff Current 
(VEB = 1.0 V) 

ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mA, VcE = 


V(BR)CEO 

V(BR)CBO 

V(BR)EBO 
ICBO 


ЕВО 


(Ic = 75 mA, УСЕ = 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, Vcg = 10 V, f = 500 MHz) 
(с = 75 mA, Vcg = 10 V, f = 500 MHz) 


Collector-Base Capacitance 
(Усв = 10 V, f = 1.0 MHz) 


Capacitance Emitter-to-Base 
(Veg = 0.5 V, f = 1.0 MHz) 


Reverse Transfer Capacitance Common Emitter 
(ҮСЕ = 10 V, [С = 10 mA, f = 1.0 MHz) 


Noise Figure 
(Ic = 50 mA, Vcg = 10 V, f = 500 MHz) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


BFR30,31 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating 
Drain-Source Voltage Vdc 
Gate-Source Voltage Vdc м 
THERMAL CHARACTERISTICS JFET 
[Characteristic | Symbol | Max | Unt | дл 
*Total Device Dissipation, Ta = 25°C Pp 350 mW N-CHANNEL 
Derate above 25°C 2.8 mW/°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate Reverse Current 
(Ус = 10 Мас, Vps = 0) 


Gate Source Cutoff Voltage 
(Ip = 0.5 nAdc, Vps = 10 Vdc) 


Gate Source Voltage 
(Ip = 1.0 mAdc, Vps = 10 Vdc) 


(Ip = 50 Аас, Vps = 10 Мас) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 10 Мас, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Ip = 1.0 mAdc, Vps = 10 Vdc, f = 1.0 kHz) 


(Ip = 200 рАас, Vps = 10 Мас, f = 1.0 kHz) 


Output Admittance 


(Ip = 1.0 mAdc, Vps = 10 Мас, = 1.0 kHz) 
(Ip = 200 „Adc, Vps = 10 Мас) 


Input Capacitance 
(Ip = 1.0 mAdc, Vps = 10 Мас, f = 1.0 MHz) 
(1р = 200 „Adc, Vps = 10 Мас, = 1.0 MHz) 


Reverse Transfer Capacitance 
(Ip = 1.0 mAdc, Vps = 10 Vdc, f = 1.0 MHz) 
(1р = 200 рАас, Vps = 10 Мас, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BFR92 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


g J 
` 


RF TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Collector-Emitter Voltage УСЕО |- 48" WM de | 
Collector-Base Voltage VCBO ЕСТЕН 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C Pp 350 mW 
Derate above 25°C à 

Storage Temperature Те 150 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Ic 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(іс = 10 mA) 
Collector-Base Breakdown Voltage 
(Ic = 100 uA) 
Emitter-Base Breakdown Voltage 
(Ic = 100 нА) 
Collector Cutoff Current 
(Vcg = 10 V) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(Ic = 14 mA, Vcg = 10 V)(1) 


Collector-Emitter Saturation Voltage(1) 


(с = 25 mA, Ig = 5.0 mA) 


Base-Emitter Saturation Voltage(1) 
(с = 25 mA, Ів = 5.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 14 mA, Vcg = 10 V, f = 500 MHz) 


Noise Figure 


(1) Pulse Width = 300 us, Duty Cycle = 2.0%. 


(Vcg = 1.5 V, Ic = 3.0 mA, Rg = 50 0, = 500 MHz) 


Capacitance-Collector to Base 
(Vcg = 10 Мас, f = 1.0 MHz) 


VCE(sat) 0.5 Vde 


VBE(sat) лел 12 Vdc 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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BFR93 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating Symbol e 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage VcBO 
Emitter-Base Voltage r3 2: M v 


Collector Current — Continuous | mAde | 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


*Total Device Dissipation, TA = 25°C 66 — 
Derate above 25°С 2.8 ES 


RF TRANSISTOR 


NPN SILICON 


Storage Temperature 
*Thermal Resistance Junction to Ambient Eu 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дА) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 рА) 


Collector Cutoff Current ІСЕО 
= 10V) 


Collector Cutoff Current ICBO ЖЕБЕСІ 
(Vcg = 10 V) 

Emitter Cutoff Current ІЕВО EN LLLA uox 
(МЕВ = 1.0 V) 


ON CHARACTERISTICS 
DC Current Gain 

(Ic = 1.0 mA, Vcg = 5.0 V) 
(с = 30 mA, Vcg = 5.0 V) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 35 mA, Ig = 7.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 30 mA, Vcg = 5.0 V, f = 500 MHz) 


Noise Figure 
(МСЕ = 5.0 V, Ic = 2.0 mA, Rs = 50 Q, f = 30 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BFS17 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


УСЕО 


Collector-Base Voltage VCBO 


THERMAL CHARACTERISTICS 


RF TRANSISTOR 


NPN SILICON 


Characteristic | Symbol | 
*Total Device Dissipation, TA = 25°C EM 
Derate above 25°C 

[Thermal Resistance Junction to Ambient| Raa | 


R&JA 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| се | уто | Mim | Me | ши | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 15 — 
(Ic = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO 25 — Vdc 
(с = 100 uA) 
Collector Cutoff Current ІСЕО — 25 nA 
(УСЕ = 10 V) 
Collector Cutoff Current ІСВО — 25 nA 
(Vcg = 10 V) 
Emitter Cutoff Current — 100 pA 
(VEB = 4.0 V) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mA, Vcg = 1.0 V) 
(с = 25 mA, Vcg = 1.0 V) 


Collector-Emitter Saturation Voltage VCE(sat) V 
(с = 10 mA, Ів = 1.0 mA) 


Base-Emitter Saturation Voltage VBE(sat) V 
(Ic = 10 mA, Ів = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(Ic = 2.0 mA, Vcg = 5.0 V, f = 500 MHz) 
(Ic = 25 mA, Vcg = 5.0 V, f = 500 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


Noise Figure 
(с = 2.0 mA, Vcg = 5.0 V, Rg = 50 О, f = 30 MHz) 
*Typ 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BSS63 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rang | Symbol | 
Collector-Emitter Voltage VCEO 


Collector-Emitter Voltage VCER 
ВВЕ = 10 КО 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature Tsta 


*Thermal Resistance Junction to Ambient °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic мы | ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 100 рАчс) 

Collector-Emitter Breakdown Voltage V(BR)CER Vdc 
(Ic = 10 „Adc, Ip = 0, ВВЕ = 10 КО) 

Collector-Base Breakdown Voltage V(BR)CBO 110 Vdc 
(Ic = 10 uAdc, |с = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс) 


Collector Cutoff Current 
(Vcg = 90 Мас, Іс = 0) 


Collector Cutoff Current 
(УСЕ = 110 Vdc, ВВЕ = 10 КО) 


Emitter Cutoff Current 
(Veg = 6.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 25 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) mVdc 
(Ic = 25 mAdc, lg = 2.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) mVdc 
(Ic = 25 mAdc, lg = 2.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 25 mAdc, Vcg = 5.0 Мас, f = 35 MHz) 


Case Capacitance 
ЧЕ = © = 0, Vcg = 10 Мас) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BSS64 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
Гео мы [Sas м | ua | 
Tomren vens [мю | 90 | м | 
FcolctorSase Voltage | veso | 1m | № | 
Пепидвъваве мое | veso | № | ve | 
cect Curent ma wass | та | 


Ic 


THERMAL —— RIE 


__-___«ањешие — — [Sa | ме | Um | 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C де PC 
Storage Temperature | Tag | 150 | < | 
*Thermal Resistance Junction to Ambient атыла ри | 


*Package mounted оп 99.5% alumina 10 x 8 x 0.6 mm. 


DRIVER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Max | Unit | 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 LA) 


Collector Cutoff Current ICES 
(УСЕ = 80 V, Ta = 70°C) 


Emitter Cutoff Current ЕВО 
(УВЕ = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(УСЕ = 1.0 V, [С = 10 mA) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 4.0 mA, lg = 400 uA) 
(с = 50 mA, Ів = 15 mA) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


OFF CHARACTERISTICS 


(с = 4.0 mA, Vcg = 10 V, f = 35 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BSS79C 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS 
с SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage УСЕО ше за 


Collector-Base Voltage VCBO 
Emitter-Base Voltage 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic | Ma | 


GENERAL PURPOSE TRANSISTOR 


= = ага — Зра 
Total Device Dissipation, Ta = 25°C NPN SILICON 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| биеш | Symbol | ма | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 75 Vdc 
(Ic = 10 „Адс) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 uAdc) 


Collector Cutoff Current 
(Усв = 60 Vdc) 
(Vcg = 60 Мас, Ta = 150°C) 


Emitter Cutoff Current 
(VBE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(С = 150 mAdc, lg = 15 mAdc) 
(ІС = 500 mAdc, ig = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(УСЕ = 20 Vdc, Ic = 20 mAdc, f = 100 MHz) 
Output Capacitance 

(Vcg = 10 Vdc, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 
Delay Time 

(Усс = 30 Мас, lc = 150 mAdc) 

(181 = 182 = 15 mAdc) 


E | = et | 


Rise Time 
(Усс = 30 Мас, Іс = 150 mAdc) 
(181 = !в2 = 15 mAdc) 


Storage Time 
(Усс = 30 Мас, Ic = 150 mAdc) 
(181 = ІВ2 = 15 mAdc) 


Fall Time 
(Vcc = 30 Vdc, lc = 150 mAdc) 
(181 = ІВ2 = 15 mAdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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В5580С 


CASE 318-02/03, STYLE 6 
5ОТ-23 (ТО-236АА/АВ) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous Ic 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON *Total Device Dissipation, Ta = 25°C 


Derate above 25°C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic мы | ма | Mex [| Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VIBR)CEO Vdc 
(с = 10 mA) 

Collector-Base Breakdown Voltage ViBR)CBO 60 Vde 
(с = 10 дА) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 Vdc 
ЧЕ = 10 ДА) 


Collector Cutoff Current 
(Vcg = 50 Vdc) 
(Vcg = 50 Мас, TA = 150°C) 


Emitter Cutoff Current 
(УВЕ = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mA, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mA, Ів = 15 mA) 
(Ic = 500 mA, Ів = 50 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, МСЕ = 20 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (181 = 182 = 15 mA, 


Rise Time Усс = 30 V, Іс = 150 mA) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BSS82C 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
222 аша | Symbol | 
| Collector-Emitter Voltage __  — | М | e | 
| Collector-Base Voltage — | мю | в | Уа 
[EmiterBeseVotage | Veso | 50 | 


THERMAL CHARACTERISTICS 


(characteristic _____ Symbol | 
*Total Device Dissipation, TA = 25°C ШЕЙ 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 haracteristic | Symb | ма | мах | Ши | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(С = 10 mA) 


Collector-Base Breakdown Voltage 


(Ic = 10 pA) 
Emitter-Base Breakdown Voltage 
(IE = 10 uA) 


Collector Cutoff Current 
(Усв = 50 V) 
(VCB = 50 V, Ta = 150°C) 


Emitter Cutoff Current 
(VEB = 3.0 V) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mA, Vcg = 10 V) 


Collector-Emitter Saturation Voltage 
(Ic = 150 mA, Ів = 15 mA) 
(Ic = 500 mA, Ів = 50 mA) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(С = 50 mA, ҮСЕ = 20 V, f = 200 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BSV52 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Г мм ë | 
Г сайвоъваво Мое | veso | № | № | 
[eminerace vonage | Мю | № | 

Conector Сатен — Continous — | i | 2 | 


Ic 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
w 
mWPC 


*Total Device Dissipation, TA = 25°C 

Derate above 25°C 
Storage Temperature | Tag | 180 | < | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x спале — — | ма | Me [| Ut | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc) 


Collector Cutoff Current 

(Vcg = 10 Мас, ЈЕ = 0) 

(Vcg = 10 Мас, Іс = 0, TA = 125°C) 
ON CHARACTERISTICS 
DC Current Gain 

(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 


(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(IC = 50 mAdc, VCE = 1.0 Мас) 


Collector-Emitter Saturation Voltage VcE(sat) 
(Ic = 10 mAdc, Ів = 300 uAdc) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Iç = 50 mAdc, Ів = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

(с = 50 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(Ic = 10 mAdc, Vcg = 10 Мас) 
Output Capacitance 

(Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance 

Мев = 1.0 Мас, Іс = 0) 

SWITCHING CHARACTERISTICS 

Storage Time 
(Ic = Ів = IBM = 10 mAdc) 

Turn-On Time 


(УВЕ = 1.5 Мас, Ic = 10 mAdc, lg = 3.0 mAdc) 


Turn-Off Time 
(Іс = 10 mAdc, Ів = 3.0 mAdc) 
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BSX39 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rating | Symbo | У | Unit | 
Collector-Emitter Voltage VCEO 14 Vdc 
Collector Current — Continuous 200 mAdc 


THERMAL CHARACTERISTICS 


Characteristic c това 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | шиш | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 2.0 mA) 

Collector Cutoff Current ICBO nA 
(Vcg = 12 V) 


Collector Cutoff Current 


(VcE = 12 V) 
(МСЕ = 12 V, Ty = 125°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mA, Vcg = 1.0 V) 
(с = 10 mA, Vcg = 1.0 V) 
(Ic = 50 mA, Vcg = 1.0 V) 
Collector-Emitter Saturation Voltage 
(Ic = 10 mA, ІВ = 1.0 mA) 
(Ic = 50 mA, Ig = 5.0 mA) 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ів = 1.0 mA) 
(Ic = 50 mA, Ів = 5.0 mA) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mA, Ig = 3.0 mA) 


VCE(sat) 


VBE(sat) 


Turn-Off Time 
(Ic = 10 mA, въ = 182 = 3.0 mA) 
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BZX84C 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


______ м [ыы [ом | 
Voltage Range 4.7 to 33 


THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | — Mex | Unit | 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 2.8 mW^C 


ZENER DIODES 


Storage Temperature C 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic sume | Wm | We | ба | 


OFF CHARACTERISTICS 


Forward Voltage 
(IF = 10 mAdc) BZX84 Series 


Reverse Voltage Leakage Current IR 

(VR = 2.0 Мас) BZX84-C4V7 
BZX84-C5V1 
BZX84-C5V6 


4.0 Vdc) BZX84-C6V2 


BZX84-C6V8 


(VR 


5.0 Vdc) BZX84-C7V5 


BZX84-C8V2 


(VR 


(VR = 6.0 Vdc) BZX84-C9V1 

(VR = 7.0 Vdc) BZX84-C10 

(VR = 8.0 Vdc) BZX84-C11, C12, C13 
(VR = 0.70 Vz) В2Х84-С15 to BZX84-C33 
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BZX84C 


ZENER VOLTAGE 


AVZ/AT(nV/k) 


| 
N 
ы 
e 
ч 


m 
o 


аист | w | | па | m | w | mw | 4 | 99 ] 
[ exww | т | m | nma | ws | z | wo | s | | 
__ваис | va | | ss | 157 | 3 | 200 | [в | 
аис | vw | 2 | ња | mz | 4 | мо 


BZX84C18 
BZX84C20 
BZX84C22 
BZX84C24 
BZX84C27 
BZX84C30 Y11 


pzxeacas | ү2 | 00 | 


MUERE 1T Q ` 


BZXBACAV] | 21 | _ "| «e | i 


< 
- 


< 
o 


= 
= 


-< 


< 
" | 


N 
л 
ч 
ч 
o 


= 
о 


7.4 


> 
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| Bzxeaceva | 2 | в | ss | в [| 1 | se | вв | 
| Bexeacevs | в | 5 | w | 72 | 1 | es | 72 | 
| вхмәв | 26 | 8 | о | 29 | 1 | 6 | 79 | 
| ики | 27 | в | 77 | s | 1 | m | | 
| вм | 28 |5 | 85 | зе [| 1 | sa | эв | 
| всю | з | в | 94 | 
| ввп | у | 5 | w4 | 

г в | w | 

„к. БК” XM 


| pexeacis | ү | 8 | зз | 16 | 

| вжмо | 5 | в | 153 | m 

| Bzxmci | ve | 5 | 

| вк | у | 5 | 

| BZXmc2 | v | 5 | 
ЕНЕГЕ 
жән тән 
ma Ts 


ахаасаа 
в2хвас27 
BZX84C30 
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MBAL99 


CASE 318-02/03, STYLE 18 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


[тє [Sms | vam _| 


SWITCHING DIODE 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(VR = 70 V) 
(VR = 25 V, TJ = 150°C) 
(VR = 70 V, Ty = 150°C) 


Reverse Breakdown Voltage 
(IR = 100 дА) 


Forward Voltage 
(Ip = 1.0 mA) 
(IF = 10 mA) 
(Ip = 50 mA) 


(Ip = 100 mA) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Reverse Recovery Time trr - 15 
(IF = IR = 10 mA, RL = 100 Q, measured а IR = 1.0 mA) 


Forward Recovery Voltage VER — 1.75 V 
(IF = 10 mA, tr = 20 ns) 
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MBAS16 


MAXIMUM RATINGS CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


Continuous Reverse Voltage VR 75 
Peak Forward Current IF 200 
Peak Forward Surge Current IFM(surge) 500 


THERMAL CHARACTERISTICS 
БЕСТЕН 


*Total Device Dissipation, TA = 25°C Pp 
Derate above 25°C 


Storage Temperature Тед 150 
*Thermal Resistance Junction to Ambient RJA 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit | 


OFF CHARACTERISTICS 
Reverse Voltage Leakage Current 
(VR = 75 V) 

(VR = 75 V, Ty = 150°C) 
(VR = 25 V, Ty = 150°C) 
Reverse Breakdown Voltage 

“вв = 100 мА) 
Forward Voltage 

(IF = 1.0 mA) 

(IF = 10 mA) 

(IF = 50 mA) 

(IF = 100 mA) 
Diode Capacitance 

(VR = 0, f = 1.0 MHz) 
Forward Recovery Voltage 

(Ip = 10 mA, tr = 20 ns) 


Reverse Recovery Time trr 
(IF = IR = 10 mA, RL = 100 Q) 


Stored Charge pc 
(IF = 10 mA to VR = 5.0 V, RL = 500 0) 
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MBAV70 


CASE 318-02/03, STYLE 9 MAXIMUM RATINGS 


SOT-23 (TO-236AA/AB) 


Peak Forward Surge Current а 


SWITCHING DIODE 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Sume | min | We | ба | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(lgR) = 100 „Адс) 

Reverse Voltage Leakage Current 
(VR = 25 Vde, Ty = 150°C) 
(VR = 70 Vdc) 

(VR = 70 Vdc, Ty = 150°C) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
(Ip = 1.0 mAdc) 
(IF = 10 mAdc) 
(Ip = 50 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time 
(IF = ig = 10 mAdc, Vg = 5.0 Vdc, 
IR(REC) = 1.0 mAdc) (Figure 1) 


8200 


+10 V 


iR(REC)=1.0 mA 


50 О Output 50 Q Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
— = at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 


3. tp » trr 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MBAV74 


MAXIMUM RATINGS CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


С тє | «Symbol | мы [| Ош | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 


350 mW 
Derate above 25°C 2.8 mW^C 


Storage Temperature | Tug | мо | c | 
*Thermal Resistance Junction to Ambient | Раја | 357 °C/W 


RaJA 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 
OFF CHARACTERISTICS 
Reverse Breakdown Voltage 
(ква) = 5.0 „Адс) 


Reverse Voltage Leakage Current 
(VR = 50 Vdc, Ty = 125°C) 
(VR = 50 Vdc) 


Diode Capacitance 

(VR = 0, f = 1.0 MHz) 
Forward Voltage 

ЧЕ = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, ig(REC) = 1.0 mAdc, measured at IR = 1.0 mA, RL = 100 0) 
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MBAV99 


CASE 318-02/03, STYLE 11 


SOT-23 (TO-236AA/AB) eee 


Characteristic 


*Total Device Dissipation, Ta = 25°C Pp 
Derate above 25°C 

Storage Temperature Тела 150 то | 

*Thermal Resistance Junction to Ambient | Raa | 37 | "cw | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DUAL SERIES 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(КВА) = 100 2A) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, Ty = 150°C) 
(VR = 70 Vdc) 

(VR = 70 Vdc, Ty = 150°C) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
(Ip = 1.0 mAdc) 
(Ip = 10 mAdc) 
(Ip = 50 mAdc) 
(Ip = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, ig(REC) = 1.0 mAdc) (Figure 1) 


+10 V 


ІҢ(ВЕС)-1.0 mA 


50 Q Output 50 () Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
== = at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » trr 
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MBAW56 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


200 
200 


Forward Current IF 


Peak Forward Surge Current 


IFM(surge) 


THERMAL CHARACTERISTICS 
Characteristic 


DUAL 
SWITCHING DIODE 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Svmbo | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(ВА) = 100 дАдс) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, Ty = 150°C) 
(VR = 70 Vdc) 

(Ув = 70 Мас, Tj = 150°C) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
1.0 mAdc) 
10 mAdc) 
F = 50 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, IR(REC) = 1.0 mAdc) (Figure 1) 


820 0 


+10 V 


iR(REC)=1.0 mA 


50 € Output 50 © Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
— = at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp” trr 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ММВА811С5,6,7,8 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 


MAXIMUM RATINGS 


mM = СЛИВИ ше | кє] 
| Collector-Base Voltage — 1 Усво | 50 | væ 
| Emitter-Base Voltage | Veso | 50 | № | 


VEBO 
Collector Current — Continuous 50 mAdc 


THERMAL CHARACTERISTICS 


Characteristic —— A 


m "С 


Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


357 °C/W 


25°C unless otherwise noted.) 


x мед 7) Sb | win | мах | ши | 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(1с = 100 „Аас) 


Emitter-Base Breakdown Voltage 
(с = 10 дАдс) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.1 mAdc, Vcg = 
(с = 0.5 mAdc, УСЕ 
(For Reference Only) 
(Ic = 0.5 mAdc, МСЕ 


3.0 Vdc) 
3.0 Vdc) 


3.0 Vdc) 


Collector-Emitter Saturation Voltage 
(с = 20 mAdc, Ів = 2.0 тАдс) 


Base-Emitter On Voltage 
(с = 0.5 mAdc, Vcg = 3.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc) 


MMBA811C5 
MMBA811C6 
MMBA811C7 
MMBA811C8 


VCE(sat) 


VBE(on) 


(Ic = 1.0 тАдс, Vcg = 


6.0 Vdc, f — 100 MHz) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MMBA812M3,4,5,6,7 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature Tstg 


*Thermal Resistance Junction to Ambient КОЈА 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcg = 40 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(Мев = 5.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(УСЕ = 6.0 Мас, Іс = 1.0 mAdc) MMBA812M3 
MMBA812M4 


MMBA812M5 
MMBA812M6 
MMBA812M7 


VCE (sat) 


Collector-Emitter Saturation Voltage 
(с = 30 mAdc, Ів = 3.0 mAdc) 


Base-Emitter On Voltage 
(УСЕ = 6.0 Мас, lc = 1.0 mAdc) 


VBE(on) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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— ss 


MMBC1009F1 
thru 
MMBC1009F5 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AM/FM RF AMPLIFIER TRANSISTOR 


NPN SILICON 


J 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Rating Symbol 


lue 
25 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcg = 15 Vdc, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.5 mAdc, Vcg = 3.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz) 


Output Capacitance 
(Усв = 6.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 


(Ic = 0.5 mAdc, Vcg = 6.0 Мас, = 1.0 MHz, Rg = 500 0) 


MOTOROLA SEMICONDUCTORS 


Symbol 
ICBO = 
hFE 
MMBC1009F1 30 
MMBC1009F2 40 
MMBC1009F3 60 
MMBC1009F4 90 


MMBC1009F5 
VCE(sat) 


fT 


Cobo 


NF 


Vdc 


MHz 


2.0 pF 


3-46 


SMALL-SIGNAL DEVICES 


MMBC1321Q2 
thru 
ММВС132105 


MAXIMUM RATINGS 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


8 7 

EREREAK cC | Symbol | 

CAT DURUM TUN ME Ке EN VHF/RF AMPLIFIER TRANSISTOR 
m 


Derate above 25°C NPN SILICON 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x Tm mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic | Symbol | Min | Тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcg = 25 Мас, ЈЕ = 0) 

Emitter Cutoff Current 
(Veg = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 2.0 mAdc, Vcg = 6.0 Vdc) MMBC132102 
MMBC132103 


MMBC132104 
MMBC132105 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, 1в = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 2.0 mAdc, Vcg = 6.0 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 6.0 Vdc, ЈЕ = 0, = 100 MHz) 


Noise Figure 
(УСЕ = 6.0 Мас, IE = 2.0 mAdc, f = 900 MHz, Rg = 50 2) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBC1621B2,3,4 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Rating 


Collector-Base Voltage | VCBO | 


Emitter-Base Voltage | Vego | 50o | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Ma | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 мА) 


Collector-Base Breakdown Voltage V(BR)CBO 25 
(с = 100 дА) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
(IE = 10 LA) 

Collector Cutoff Current ІСВО — 100 
(Vcg = 15 V) 

Emitter Cutoff Current ІЕВО — 100 
(ев = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mA, Vcg = 0.5 V) MMBC1621B2 
(Ic = 1.0 mA, УСЕ = 0.5 V) MMBC1621B3 
(с = 1.0 mA, Vcg = 0.5 V) MMBC1621B4 


Collector-Emitter Saturation Voltage 
(с = 10 mA, Ів = 1.0 mA) 


Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ів = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, Vcg = 10 V, f = 100 MHz) 


Output Capacitance Cobo — 5.0 pF 
(Vcg = 10 V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 181 = Ір2 = 10 mA) (Figure 1) 


— MHz 


Turn-On Time 


(Ic = 10 mA, въ = 3.0 mA, Мов = 1.5 V) 


Turn-Off Time 
(с = 10 mA, въ = 3.0 mA, Ig2 = 1.5 mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBC1622D6,7,8 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


| Vco | 3 | 
VCBO [ № | 
VEBO 


Rating 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


ra Characteristic 


AMPLIFIER TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Усв = 25 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(VEB = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(УСЕ = 3.0 Vdc, Іс = 0.1 mAdc) All 
(VcE = 3.0 Мас, Іс = 0.5 mAdc) MMBC1622D6 
MMBC1622D7 
MMBC1622D8 


Collector-Emitter Saturation Voltage 

(Ic = 100 mAdc, lg = 10 mAdc) 
Base-Emitter On Voltage 

(УСЕ = 3.0 Мас, Іс = 0.5 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


ГЕ. 5 
Current-Gain — Bandwidth Product 
(УСЕ = 6.0 Мас, lg = 1.0 тАас, f = 100 Mhz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBC1623L3,4,5,6,7 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) малтым қалын 


AMPLIFIER TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcg = 40 Vdc, ЈЕ = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Мас, lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 1.0 mAdc, Vcg = 6.0 Мас) MMBC1623L3 60 120 
MMBC1623L4 90 180 
MMBC1623L5 135 270 
MMBC1623L6 200 400 


MMBC1623L7 300 600 
Collector-Emitter Saturation Voltage VCE(sat) — 0.3 Vdc 


(с = 100 mAdc, Ів = 10 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) — 1.0 Vdc 
(с = 100 mA, Ів = 10 mAdc) 

Base-Emitter On Voltage VBE(on) .60 0.7 Vdc 

(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 200 — MHz | 
(УСЕ = 6.0 Мас, lp = 10 тАас, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBC1653N2,3,4 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Rating 


Symbol 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage VcBo 


Emitter-Base Voltage 


Value Unit 
130 Vdc 
| >] уж | 


5.0 Vdc 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 
Characteristic 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient Код 


*Package mounted оп 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Collector Cutoff Current 
(Усв = 100 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
Мев = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(УСЕ = 3.0 Мас, lc = 15 mAdc) MMBC1653N2 
MMBC1653N3 


MMBC1653N4 
Collector-Emitter Saturation Voltage VCE(sat) 


(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
| (Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(МСЕ = 10 Мас, lp = 10 mAdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBC1654N5,6,7 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Rating Symbol Value 


| Unit | 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 180 ME 
нік 7718 БЕИ ВЕСИ 


THERMAL CHARACTERISTICS 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Characteristic 


*Total Device Dissipation, Ta = 25°C Pp zi mW 

Derate above 25°C mW^C 

Storage Temperature Ta | | | 
*Thermal Resistance Junction to Ambient | Rua | 3 | см | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(св = 100 V, Ip = 0) 


Emitter Cutoff Current 
(МЕВ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 

(Vcg = 3.0 V, Іс = 15 mAdc) MMBC1654N5 50 
MMBC1654N6 
MMBC1654N7 


= 130 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(се = 10 Мас, ЈЕ = 10 mAdc, f = 100 MHz) 


VCE(sat) 


VBE(sat) 


Output Capacitance 
(Vcg = 10 Vdc, ЈЕ = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBD101 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rang — | Symbol | value | Unit | 
Reverse Voltage | vg | 40 | уе | 


THERMAL CHARACTERISTICS 


С сетш [үш] мек | 
*Total Device Dissipation, Ta = 25°C Pee ја 
Derate above 25°C mW/°C 

[Storage Temperature | Tug | во | € | 
ЕТ ЕЛЕ АТ Е том 


*Package mounted оп 99.5% alumina 10 x 8 x 0.6 mm. 


HOT-CARRIER 
UHF MIXER DIODE 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristie | Symb! | Ма | Typ | Mex | Unit | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) Vdc 
(IR = 10 дАдс) 
Reverse Voltage Leakage Current иАдс 
(VR = 3.0 Мас) 
= е 


Series Inductance 
(f = 250 MHz) 


Case Capacitance 
(f = 1.0 MHz) 
Diode Capacitance 
(VR = 0, f = 1.0 MHz) 
Forward Voltage МЕ 
(Ip = 10 mAdc) 
Noise Figure NF — 7.0 
(f = 1.0 GHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBD352 


CASE 318-02/03 STYLE 11 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


[Ram Sma | Value | Um | 
[continous Reverse хомаро — (| vn | a | we | 


THERMAL CHARACTERISTICS 


[ ОО eme 7 | Symbol | 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C mW^?C 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DUAL HOT CARRIER 
MIXER DIODE 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
| се | Sym! | Mim | Me | ши | 
OFF CHARACTERISTICS 


Forward Voltage 
(Ip = 10 mA) 


Reverse Voltage Leakage Current 
(VR = 3.0 V) 


(Уң = 4.0 V) 


Capacitance 
(VR = OV, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBD501 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rating | Symb | Маме | ши | 
[ReemeVotage | w | | vd | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature Tstg 


*Thermal Resistance Junction to Ambient Raa 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HOT-CARRIER DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Character: | Symb | Ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(IR = 10 uAdc) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc) 

Diode Capacitance CT 

(VR = 20 Vdc, f = 1.0 MHz) 

Forward Voltage VF 
(Ip = 10 тАдс) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBD914X 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


eem Mw. О О не 
sme UNES MUT CH 


THERMAL CHARACTERISTICS 


с  — ÓÉENNNME REN -ENN- | 
*Total Device Dissipation, TA = 25°C | | pe 

Derate above 25°C кы с 
ЕТИН Е ЧИИ ЖИЕС | 
| *Thermal Resistance Junction to Ambient | Raa | 357 | “w | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH-SPEED SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symb! | м | Mex | Unt | 


OFF CHARACTERISTICS 
Reverse Breakdown Voltage V(BR) Vdc 
(IR = 100 дАдс) 
Reverse Voltage Leakage Current 
(Уң = 20 Vdc) nAdc 
(VR = 75 Vdc) pAdc 
Diode Саратаве CT 
(VR = 0 Vdc, f = 1.0 MHz) 
Forward Voltage 
(IF = 10 mAdc) 
Reverse Recovery Time 
(IF = IR = 10 тАас) (Figure 1) 


FIGURE 1 — Recovery Time Equivalent Test Circuit 
820 0 


+10 V 


iR(REC)=1.0 mA 


50 0 Output 


50 О Input 


Pulse Samplin V 
Generator Gscillescope ч INPUT SIGNAL OUTPUT PULSE 
(Е = IR = 10 mA; measured 
— = at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so ІҢ(реак) is equal to 10 mA. 
3. tp » trr 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBD2835X36X 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
Rating 


Reverse Voltage 
Forward Current 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, Ta = 25°C SWITCHING DIODE 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 бәкене | Symbo | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(IR = 100 uAdc) MMBD2835X 35 
MMBD2836X 


Reverse Voltage Leakage Current 
(Ув = 30 Мас) MMBD2835X 
(VR = 50 Vdc) MMBD2836X 
Diode Capacitance Cr 
(VR = 0, f = 1.0 MHz) 


Forward Voltage МЕ 
(IF = 10 mAdc) 
(Ip = 50 mAdc) 
(Ip = 100 mAdc) 


100 


Reverse Recovery Time 
(IF = IR = 10 mAdc, iq(REC) = 1.0 mAdc) (Figure 1) 


FIGURE 1 — Recovery Time Equivalent Test Circuit 
820 0 


-10V 


1В(ВЕС)=1.0 mA 


50 © Output 50 € Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
— = at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp > t 
р” trr 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBD2837X 
MMBD2838X MAXIMUM RATINGS 


Peak Reverse Voltage 


D.C. Reverse Voltage MMBD2837 
MMBD2838 


CASE 318-02/03, STYLE 9 


Vd 
SOT-23 (TO-236AA/AB) : 


Peak Forward Current 
300 


Average Rectified Current 


THERMAL CHARACTERISTICS 


Characteristic 


DUAL 
SWITCHING DIODE 


*Total Device Dissipation, TA = 25°C Pp 


Derate above 25°C 


Storage Temperature Tstg 


*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Cmamceise | Symbo | ма | Mex | Ue | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(вв) = 100 дАдс) MMBD2837X 
MMBD2838X 


Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2837X 
(VR = 50 Vdc) MMBD2838X 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
(Ip = 10 mAdc) 
(IF = 50 mAdc) 
(Ip = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, ig(REC) = 1.0 тАас) (Figure 1) 


820 0 


+10 V 


İR(REC)=1.0 mA 


50 Q Output 50 Q Input 
Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
= = at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp»t 
р” trr 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBD6050X 


CASE 318-02/03, STYLE 8 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Rating 


Reverse Voltage VR 70 
Forward Current ір 200 


Peak Forward Surge Current IFM(surge) 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, TA = 25°C SWITCHING DIODE 


Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(BR) = 100 „Адс) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 


Forward Voltage 
(Ip = 1.0 mAdc) 0.55 0.7 
100 mAdc) 0.85 


(Ip 

Reverse Recovery Time te ра 
(IE = IR = 10 mAdc, ів(вес) = 1.0 mAdc) (Figure 1) 

Capacitance C = 2.5 
(Ув = 0) 


H H 


820 0 


+10 V 


iR(REC)=1.0 mA 


50 Q Output 50 € Input 
Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
-- а iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp > trr 
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MMBD6100 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


| Raüng — | Symbol | м | Unt | 
Vdc 
Forward Current IF | 20 | mAdc 
| Peak Forward Surge Current | IFMisurge)| 50 | 


THERMAL CHARACTERISTICS 


DUAL 
SWITCHING DIODE 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Свами | битво | Ма | Max | Unt | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) 
(ва) = 100 uAdc) 
Reverse Voltage Leakage Current IR Аас 
(VR = 50 Vdc) 
Forward Voltage МЕ 
(IF = 1.0 mAdc) 0.55 0.7 
(Ip = 100 mAdc) 0.85 1.1 
Reverse Recovery Time trr — 
(IF = IR = 10 тАсс, iR(REC) = 1.0 тАас) (Figure 1) 
Capacitance с = 
(Ув = 0) 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


8200 


+10 V 


iR(REC)=1.0 mA 


50 Q Output 50 Q Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp»t 
р” wr 
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MMBD7000 


CASE 318-02/03, STYLE 11 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Пк ра L pa | 
eue. Бі тн 
неше — в 


THERMAL CHARACTERISTICS 


Characteristic бетіні | Мах | 
*Total Device Dissipation, Ta = 25°C mW 
Derate above 25*C пре: 


DUAL 
SWITCHING DIODE 


Storage Temperature 
*Thermal Resistance Junction to Ambient | Rea | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(VR = 50 Vdc) 
(VR = 100 Vdc) 
(VR = 50 Vdc, 125°C) 


Forward Voltage 


(IF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 тАас) (Figure 1) 


Capacitance 
(VR = 0) 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


820 2 


+10 V 


i =1. 
50 Q Input IR(REC)7 1.0 mA 


50 2 Output 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. А 2.0 КО variable resistor adjusted for a Forward Current (Ip) of 10 mA. 
2. Input pulse is adjusted so ІҢ(реак) is equal to 10 mA. 
3. tb » trr 
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MMBF4391 
thru 
MMBF4393 


MAXIMUM RATINGS 


CASE 318-02/03, STYLE 10 Symbol | _ Маше 


SOT-23 (TO-236AA/AB) 


Drain-Source Voltage 


Drain-Gate Voltage 
Gate-Source Voltage 


JFET 
SWITCHING TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbot | min | we | и | 


V(BR)GSS 30 c Vdc 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 „Adc, Vps = 0) 
Gate Reverse Current 

(VGs = 15 Vdc, Vps = 0, Ta = 
(Vas = 15 Мас, Vps = 0, TA = 


Gate Source Cutoff Voltage 


1655 


yog 


VGS\off) 


(Vps = 15 Vdc, Ip = 10 nAdc) MMBF4391 4.0 10 
MMBF4392 2.0 5.0 
MMBF4393 0.5 3.0 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain 


Ipss mAdc 
(Vps = 15 V, Vas = 0) MMBF4391 50 150 
MMBF4392 25 75 
MMBF4393 5.0 30 
Drain Current 
(Vps = 15 Мас, Vas = 12 Мас) 
(Vps = 15, Vas = 12 Мас, TA = 100°C) 
Drain-Source On-Voltage VDS(on) Vdc 
(1р = 12 mAdc, Vas = 0) MMBF4391 — 0.4 
(Ip = 6.0 mAdc, Vas = 0) MMBF4392 — 0.4 
(Ip = 3.0 mAdc, Vas = 0) MMBF4393 — 0.4 
Static Drain-Source On Resistance грб(оп) Ohms 
(Ip = 1.0 mAdc, Vas = 0) MMBF4391 — 30 
MMBF4392 -- 60 
MMBF4393 — 100 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 15 Vde, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 12 Vdc, f = 1.0 MHz) 
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MMBF4416 


CASE 318-02/03, STYLE 10 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Drain-Source Voltage | we | = | мае | 


оштамемоме | vo | 3 | ve | 
Gate-Source Voltage Vas Vdc 
Gate Current IG mAdc 
THERMAL CHARACTERISTICS 
Characteristic 


FET 
VHF/UHF AMPLIFIER TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Ее 4 
nAdc 
nAdc 

pep 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(IG = 1.0 дАдс, Vps = 0) 


Gate Reverse Current lass 
(VGs = 20 Vdc, Vps = 0) 
(VGs = 20 Vdc, Vps = 0, Ta = 150°C) 


AEE oe aS 
Gate Source Cutoff Voltage 
(1р = 1.0 nAdc, Vps = 15 Мас) 


Gate Source Voltage 
(Ip = 0.5 mAdc, Vps = 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(VGs = 15 Мас, VGs = 0) 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 


15 Vdc) 


Forward Transfer Admittance 
(Vps = 15 Мас, VGs = 0,1 = 1.0 kHz) 


Output Admittance 
(Vps = 15 Мас, VGs = 0,1 = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, ID = 5.0 mAdc, Rg = 1000 0, f = 100 MHz) 
(Vps = 15 Vdc, Ip = 5.0 mAdc, Ва = 1000 Q, = 400 MHz) 


Common Source Power Gain 


(Vps = 15 Мас, Ip = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Мас, Ip = 5.0 mAdc, f = 400 MHz) 
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MMBF4860 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


Drain-Source Voltage 
Drain-Gate Voltage 


Reverse Gate-Source Voltage 


<] 
> 


РЕТ 
SWITCHING TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unt | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(Ig = 1.0 дАдс, Vps = 0) 
Gate Reverse Current 
(Vas = 15 Vdc, Vps = 0) 
(Vas = 15 Мас, Vps = 0, ТА = 150°C) 


Gate Source Cutoff Voltage 
(Vps = 15 Мас, Ip = 0.5 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain(1) 
(Vps = 15 Vdc, VGs = 0) 


Drain Cutoff Current 
(Vps = 15 Мас, Vas = 10 Мас) 
(Vps = 15 Мас, Vas = 10 Мас, TA = 150°C) 


Drain-Source On-Voltage VDS(on) 
(Ip = 10 mAdc, Vas = 0) 


Static Drain-Source On Resistance DS(on) 
(Vas = 0, Ip = 0, f = 1.0 kHz) 


Input Capacitance Ciss 
(Vps = 0, Vas = 10 Мас, f = 1.0 MHz) 


Reverse Transfer Capacitance Crss 
(Vps = 0, Vas = 10 Мас, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
(рр = 10 Мас, оп) = 20 mAdc) 
(VG(on 0, V = 10 Vdc) 


Rise Time 


(Vpp = 10 Мас, Ір(оп) = 10 mAdc) 
(VGS(on) = 0, VGS(off) = 6.0 Мас) (Figure 1) 


Turn-Off Time 
(Мор = 10 Мас, Ip(on) = 5.0 mAdc) 
(VGS(on) = 0, VGSioff) = 4.0 Мас) (Figure 1) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 10%. 
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MMBF4860 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


any tr < 1.0 ns tf < 1.0 ns 
V 
— GS(on) 
INPUT 
I | ----- VGS(off) 
ton L. toff => 
1 
INPUT td(on) — Бт— т 400) 
q= Те- Г eti 
10% “Қ! | 
í | OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 1. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle ~ 2.0% 
2. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr = 0.75 ns, Rin = 1.0 megohm, Ср = 2.5 pF. 
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MMBF5457 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


V 


DS 


GENERAL PURPOSE TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 25 - - Мас 
(Ig = 10 „Adc, Vps = 0) 

Gate Reverse Current 1555 пАас 
(Vas = 15 Мас, Vps = 0) = - 1.0 
(Vas = 15 Мас, Vps = 0, Ta = 100°C) = = 200 

Gate Source Cutoff Voltage Уб5(оҥ) 0.5 — 6.0 Vdc 
(Vps = 15 Мас, 1р = 10 nAdc) 

Gate Source Voltage VGs — 2.5 — Vdc 
(Vps = 15 Мас, lp = 100 uAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain(1) Ір55 1.0 — 5.0 mAdc 
(Vps = 15 Vdc, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 


Reverse Transfer Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


(1) Pulse test: Pulse Width = 630 ms; Duty Cycle = 10%. 
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MMBF5459 


CASE 318-02/03, STYLE 10 


SOT-23 (TO-236AA/AB) 
MAXIMUM RATINGS 


C dés 7 Гана | сва | uaj 


THERMAL CHARACTERISTICS 


(Characteristic — | зушы | Max | 

*Total Device Dissipation, TA = 25°C ЕЖЕ A 
Derate above 25°C 

| Storage Temperature — || Teg | — 10 | 

| *Thermal Resistance Junction to Ambient | Raj | 37 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
——— lO [иийй | ми | ба] 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = – 10 „A, Vps = 0) 
Gate 1 Leakage Current 
(Ves = -15 V, Vps = 0) 
Gate 2 Leakage Current 
(Ves = -15 V, Vps = 0, TA = 100°C) 
Gate Source Cutoff Voltage 
(Vps = 15V, Ір = 10 nA) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 15 V, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15V, Vas = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 V, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 У, VGs = 0, f = 1.0 MHz) 
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MMBF5460 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
GENERAL PURPOSE 
TRANSISTOR 


P-CHANNEL 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient | Rea | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 uAdc, Vps = 0) 
Gate Reverse Current 

(VGs = 20 Vdc, Vps = 0) 
(Vas = 20 Мас, Vps = 0, ТА = 100°C) 
Gate Source Cutoff Voltage 
(Vps = 15 Мас, Ір = 1.0 uAdc) 
Gate Source Voltage 
(Vps = 15 Vdc, Ip = 0.1 mAdc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 15 Мас, Vas = 0) 


ии 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 kHz) 
Output Admittance 
(Vps = 15 Мас, VGS 
Input Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 15 Vdc, Vas = 0, Rg = 1.0 MQ, 
f = 100 Hz, BW = 1.0 Hz) 


0, f = 1.0 kHz) 


V(BR)GSS 


VGS(off) 


VGS 
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MAXIMUM RATINGS 


Drain-Gate Voltage VpG 25 
Reverse Gate-Source Voltage 


Continuous Device Dissipation at or Below 
Tc = 25°C 
Linear Derating Factor 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(IG = —1.0 uA, Vps = 0) 


Gate Reverse Current 
—20 V, Vps = 0) 
—20 V, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage 
(Vps = 15 У, Ір = 10 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 15 V, Vas = 0) 


(Vas 
(VGS 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 15 V, VGs = 0, f = 1.0 kHz) 
Output Admittance 

(Vps = 15 V, Vas = 0, f = 1.0 kHz) 
Input Capacitance 

(Vps = 15V, Vas = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 15V, Vas = 0,1 = 1.0 MHz) 
Output Capacitance 
(Vps = 15 V, Vas = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 

(Vps = 15 V, Ip = 1.0 mA, YG’ = 1.0 mmhos) 


(RG = 1.0 КО, f = 100 MHz) 
(Vps = 15 V, Vas = 0, YG’ = 1.0 umho) 


(Rg = 1.0 MQ, f = 1.0 kHz) 


Common Source Power Gain 
(Vps = 15 Vde, lp = 1.0 mAdc, f = 100 MHz) 


MMBF5484 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
TRANSISTOR 


N-CHANNEL 


pA 


Ciss 


| | = = [e= 
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CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Drain-Gate Voltage 


Reverse Gate-Source Voltage c r) EER pw] 


FET 
TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient Г Ra | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [Sm | min | We | Um | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Vps = 0,16 = —1.0 дА) 
Gate 1 Leakage Current 15155 
(VGs = -20 V, Vps = 0) 
Gate 2 Leakage Current 
(VGs = -20 V, Vps = 0, ТА = 100°C) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 V, Ip = 10 nA) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Ір55 8.0 
(Vas = 0, Vps = 15 V) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance 
(VGs = 0, Vps = 15 V, f = 1.0 kHz) 
Input Admittance 
(VGs = 0, Vps = 15 V, f = 400 MHz) 
Output Admittance 
(VGs = 0, Vps = 15 V, f = 1.0 kHz) 
Output Conductance 
(Vas = 0, Vps = 15 V, f = 400 MHz) 
Forward Transconductance 
(VGs = 0, Vps = 15 V, f = 400 MHz) 
Input Capacitance 
(VGs = 0, Vps = 15 V, = 1.0 MHz) 
Reverse Transfer Capacitance 
(VGs = 0, Vps = 15 V, f = 1.0 MHz) 
Output Capacitance 
(VGs = 0, Vps = 15 V, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 
(Vps = 15 V, lp = 4.0 mA, f = 100 MHz, YG = 1.0 umhos) 
(Vps = 15 V, Ip = 4.0 mA, Rg = 1.0 kQ, f = 400 MHz, YG = 1.0 umhos) 
(VGs = 0, Vps = 15 У, Rg = 1.0 та, f = 1.0 kHz, Уб = 1.0 итһов) 


Common Source Power Gain 


(Vps = 15 V, Ip = 4.0 mA, f = 100 MHz) 
(Vps = 15 V, Ip = 4.0 mA, f = 400 MHz) 
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MMBFJ310 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Drain-Source Voltage 


Gate-Source Voltage 


THERMAL CHARACTERISTICS FET 


VHF/UHF AMPLIFIER 


*Total Device Dissipation, TA = 25°C TRANSISTOR 
Derate above 25°C — 


Storage Temperature 


*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Тур | Mex | Unit | 


пен | [= БЕ 


nAdc 
pAdc 
oo е «рее 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = —1.0 „Adc, Vps = 0) 
Gate Reverse Current 

(Ves = -15 V) 

(Vas = -15 V, TA = 125°C) 


Gate Source Cutoff Voltage 
(Vps = 10 Vdc, Ip = 1.0 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 10 Мас, Vas = 0) 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 Мас, Ip = 10 mAdc, f = 1.0 kHz) 


Output Admittance 
(Vps = 10 Мас, Ip = 10 mAdc, f = 1.0 kHz) 


Input Capacitance 


(Vas = - 10 Мас, Vps = 0 Мас, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vas = —10 Мас, Vps = 0 Мас, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage nV/V Hz 
(Vps = 10 Мас, Ip = 10 mAdc, f = 100 Hz) 
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MMBFU310 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 
MAXIMUM RATINGS 


[Rams |ы | Меще | Unit | 
Drain-Source Voltage 25 Vdc 


Gate-Source Voltage 25 Vdc 


THERMAL CHARACTERISTICS 


|. Characteristic — | Symbol | Unit 


*Total Device Dissipation, TA = 25°C m 
Derate above 25°C mW^C 


w 
2.8 
Storage Temperature Теа 150 с 
*Thermal Resistance Junction to Ambient RaJA 357 °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


FET 
TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
С c nv F 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(IG = —1.0 uA, Vps = 0) 

Gate 1 Leakage Current 
(VGs = - 15 V, Vps = 0) 


Gate 2 Leakage Current 
(VGs = – 15 V, Vps = 0, TA = 125°C) 


Gate Source Cutoff Voltage 
(Vps = 10 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 10 V, Vas = 0) 


Gate-Source Forward Voltage 
(Ig = 10 mA, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Output Admittance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Input Capacitance 
(Vas = – 10 V, Vps = 10 V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vas = -10 V, Vps = 10 V, f = 1.0 MHz) 
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MMBPU131 


CASE 318-02/03, STYLE 14 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


________ њима әне | _Маме | Ән | 
Power Dissipation Pp 350 mW 
Derate Above 25°C ВА 2.8 mW^C 


DC Gate Current | в | ад | па | 


Repetitive Peak Forward Current ITRM 
100 us Pulse Width, 1.0 
1.0% Duty Cycle 
20 us Pulse Width, 1.0 
1.096 Duty Cycle 
Non-Repetitive Peak Forward Current ITSM 1.0 
10 us Pulse Width 


Gate to Cathode Forward Voltage | МЕКЕ | 


Gate to Cathode Reverse Voltage VGKR 


Gate to Anode Reverse Voltage VGAR 
Anode to Cathode Voltage 


UNIJUNCTION TRANSISTOR 


THERMAL CHARACTERISTICS 


o NEAN. Е. 
*Total Device Dissipation, TA = 25°C IL Ed 
Derate above 25°C st 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Peak-Point Current pA 
(Vg = 10 Vdc, Rg = 1.0 МО) 
(Vg = 10 Vdc, Rg = 10 kQ) 
On-State Voltage VT Volts 
(Vs = 10 Мас, Rg = 1.0 MQ) 
Luminous Intensity ly pA 
(Vs = 10 Vdc, RG = 1.0 MQ) = 
(Vs = 10 Vdc, Rg = 10 КО) 70 
Anode to Cathode On-State Voltage МЕ Volts 
(IF = 50 mA Peak) 
Output Voltage Vo Volts 
(Vg = 20 Vdc, Сс = 0.2 uF) 
Rise Time tr 
(Ув = 20 Мас, Сс = 0.2 uF) 


ин 
| 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-73 


MMBR901 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


e [этш [ ve | UM | 


THERMAL CHARACTERISTICS 


amis 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 350 mW 


Derate above 25°C 2.8 


Storage Temperature € 150 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.1 тАдс, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(Vcg = 15 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 30 200 — 
(с = 5.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Common-Emitter Amplifier Power Gain 16 (Typ) 
(Усс = 6.0 Мас, lc = 5.0 mAdc, f = 1.0 GHz) 


Noise Figure NF(1) — 1.9 (Typ) 
(Ic = 5.0 mAdc, Vcg = 6.0 Мас, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 500 system. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-74 


MMBR920 


— CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 
[ — men [ыы 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, TA = 25°C 
Derate above 25*C 


RF AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient Код 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
мене Фра |_ма | пр ] ме | ок | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(Ic = 0.1 mAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 Vdc 
(IE = 0.1 mAdc, іс = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcg = 10 Vdc, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(с = 14 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 14 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
Collector-Base Capacitance 

(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


V(BR)CEO ЊЕ Vde 


Common-Emitter Amplifier Power Gain 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 О system. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-75 


MMBR930 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
12 Vdc 
Collector-Base Voltage | Мсво | 15 | 
Emitter-Base Voltage | veso | _ 30 | 
[№ 1. | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristie бы | Ма | Тур | Mex | Uni | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 mAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current 


(Vcg = 5.0 Мас, lg = 0) 
ON CHARACTERISTICS 


DC Current Gain 25 — 250 
(с = 30 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 10 Мас, lp = 0, f = 1.0 MHz) 


Noise Figure 
(с = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 


(Ic = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 
(с = 2.0 mAdc, Vcg = 5.0 Мас, f = 0.5 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-76 


MMBR931 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage 


Collector Current — Continuous ок | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient | Вејд | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Chwacenstió | Symb | Ма | тур | мах | Uni | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 0.1 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 10 Vdc 
(Ic = 0.01 mAdc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mAdc, Ic = 0) 


(Vcg = 5.0 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(lc = 0.25 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 1.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 


(IE = 0.25 mAdc, Vcg = 1.0 Мас, f = 1.0 GHz) 


Gate Power Dissipation 
ЧЕ = 0.25 mAdc, Vcg = 1.0 Мас, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 О system. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-77 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


[ т, [я | Value | Unit | 
Collector-Emitter Voltage VCEO |- -0- | Was: | 
Collector-Base Voltage Усво ШЕ —- 


Emitter-Base Voltage VEBO 


Collector Current — Continuous | = № | 


THERMAL CHARACTERISTICS 


RF AMPLIFIER TRANSISTOR 


NPN SILICON *Total Device Dissipation, Ta = 25°C 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
сми 7 Тәше | Mm | We [| | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 mAdc, Ів = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УЕВ = 4.0, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, УСЕ = 5.0 Мас) 
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 500 MHz) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 80 mAdc, lg = 8.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.98 Vde 
(с = 40 mAdc, Ів = 20 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 1.0 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0) 


Emitter-Base Capacitance 


(УЕВ = 0.5 Vdc, Ic = 0) 


Common-Emitter Amplifier Power Gain 
(МСЕ = 10 Vdc, ЈЕ = 1.5 mAdc, f = 450 Mhz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 О system. 


—————— ———  — ——————————— 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-78 


MMBR2857 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


| Rating =| Symbol | Value | 
Collector-Emitter Voltage Veco | 15 | 
Collector-Base Voltage VCBO | 3 | Мас 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


БЕСТЕН 

сюзе ______ Symbol | 

*Total Device Dissipation, Ta = 25°C | ® | 
Derate above 25°С 

[Thermal Resistance Junction to Ambient | На | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristie ü | уто | Ма | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 3.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 дАдс, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Ic = 0) 

Collector Cutoff Current ІСВО рАас 
(Усв = 15 Мас, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, ЈЕ = 0, f = 0.1 MHz) 


Small-Signal Current Gain 


(Ic = 2.0 mAdc, VcE = 6.0 Мас, f = 1.0 kHz) 


Noise Figure 
(С = 1.5 mAdc, Vcg = 6.0 Мас, Rg = 50 О, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(с = 1.5 mAdc, Vcg = 6.0 Мас, f = 450 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBR4957 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Emitter-Base Voltage 
Collector Current — Continuous 
THERMAL CHARACTERISTICS 


[Characteristic — — | Symbol | Мә | ume | 
*Total Device Dissipation, TA = 25°C 
Derate above 25°C mW^C 
Storage Temperature 
cw 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 1.0 тАдс, lg = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 100 „Adc, Ie = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 20 150 
(с = 2.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
ЧЕ = 2.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Common-Emitter Amplifier Power Gain(1) 


17 (Typ) 
(Vcg = 10 Мас, lc = 2.0 mAdc, f = 450 MHz) 
Noise Figure(1) NF 3.0 (Typ) 
(с = 2.0 mAdc, МСЕ = 10 Vdc, f = 450 MHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 () system. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-80 


MMBR5031 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 


SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage 


Collector Current — Continuous 


d 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| mAde | 
| Unt | 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient R8JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 10 Vdc 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 0.01 mAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 Vdc 
(Е = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current 


(Vcg = 6.0 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 25 300 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(МСЕ = 6.0 Vdc, lg = 0, f = 0.1 MHz) 


Noise Figure 
(с = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 


(1) Noise figure and power gain measure on Ailtech 7380 БО О system. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBR5179 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating Symbol | Value | Unit | 
Collector-Emitter Voltage УСЕО La palm Sm 


Collector-Base Voltage VCBO NN 


Collector Current — Continuous lc 


Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
2.8 mW inc 


Derate above 25°C 


Storage Temperature aa M 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


mE" ————  Ü- | me [ Sum | 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 0.01 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 0.01 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, ЈЕ = 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 3.0 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voitage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


0) 


(с = 5.0 mAdc, Vcg = 6.0 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 


(с = 2.0 mAdc, Vcg = 6.0 Мас, f = 1.0 kHz) 


Noise Figure 


(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, Rs = 50 Q, f = 200 Mhz) 


Common-Emitter Amplifier Power Gain 


(УСЕ = 6.0 Мас, Ic = 5.0 mAdc, f = 200 MHz) 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 3.0 mAdc, |в = 0) 


VCE(sat) 


VBE(sat) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 () system. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
3-82 


MAXIMUM RATINGS 


Forward Current Avg. (Tc = +67°C) 


Peak Forward Gate Voltage 


Peak Forward Blocking Voltage; 

RG = 1.0k MMBS5060 
MMBS5061 
MMBS5062 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, Ta = 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 
OFF CHARACTERISTICS 


Gate Trigger Voltage MMBS5060 
(RL = 1000, Асс = 1.0 КО, Anode Voltage - MMBS5061 
Tc = 125°C) MMBS5062 


Peak Forward Blocking Current MMBS5060 
(Вас = 1.0 КО, MMBS5061 
Tc = 125°C) MMBS5062 


Peak Reverse Blocking Current MMBS5060 
(RGc = 1.0 kQ, MMBS5061 
Tc = 125°C) MMBS5062 = 100 V 


MMBS5060,61,62 


CASE 318-02/03, STYLE 14 
SOT-23 (TO-236AA/AB) 


% 


SILICON CONTROLLED RECTIFIER 


PNPN DEVICE 


Forward Voltage* 
(IF = 1.2 A Peak) 
Gate Trigger Current** 
(Кес = 1.0 КО, Vac = 7.0 V, RL = 1000 


Gate Trigger Voltage 


(Вас = 1.0 КО, Vac = 7.0 V, RL = 1000 


Holding Current 
(Vac = 7.0 V, Асс = 1.0 КО 


*PW =: 1.0 ms, D.C. = 1.0%. 
**RGC current not included in measurement. 


— eee 


SMALL-SIGNAL DEVICES 


3-83 


MOTOROLA SEMICONDUCTORS 


MMBT404,A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage Усво 


Emitter-Base Voltage 


Collector Current — Continuous | с | 00 | 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


CHOPPER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 10 mAdc, Ів = 0) MMBT404 
MMBT404A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 џАдс, ЈЕ = 0) MMBT404 25 — - 
MMBT404A 40 — — 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 10 џАдс, Ic = 0) MMBT404 12 — = 
MMBT404A 25 — -- 
Collector Cutoff Current ІСВО -- — 100 nAdc 
(Vcg = 10 Vdc, ЈЕ = 0) 
Emitter Cutoff Current ЕВО пАдс 
(УВЕ = 10 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 12 mAdc, Vcg = 0.15 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(с = 12 mAdc, Ів = 0.4 mAdc) 

(с = 24 таАдс, Ів = 1.0 mAdc) 

VBE(sat) Vde 

(Ic = 12 mAdc, Ів = 0.4 mAdc) 0.85 

(Ic = 24 mAdc, lg = 1.0 тАас) 1.0 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance Cobo 20 pF 

(Vcg = 6.0 Мас, lp = 0) 
Delay Time 
(Усс = 10 Мас, Іс = 10 mAdc) (Figure 1) 
Rise Time 
(ІВ1 = 1.0 mAdc, VBE(off) = 14 Мас) 


Base-Emitter Saturation Voltage 
SWITCHING CHARACTERISTICS 
Storage Time 


(Усс = 10 Vdc, lc = 10 mAdc) 


Fall Time 
(!в1 = 182 = 1.0 mAdc) (Figure 1) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-84 


MMBT404,A 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


VBB Усс = - 10V 


To Scope 


Voltages and resistor values shown are 
for Ic = 10 mA, [СЛВ = 10 and въ = 182 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-85 


MMBT918 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


| Collector-Base Voltage | Уво | æ | Уа 
| Emitter-Base Voltage | Veso | 30 | уе | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 
Characteristic 
*Total Device Dissipation, TA = 25°C 


VHF/UHF TRANSISTOR 


NPN SILICON Derate above 25°C 
< 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Max | Unit | 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 

(с = 3.0 mAdc, lg = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

(Ic = 1.0 дАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

ЧЕ = 10 „Adc, Ic = 0) 


Collector Cutoff Current ІСВО 
(Усв = 15 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, УСЕ = 10 Мас, f = 100 MHz) 


Output Capacitance 
(VcB = 0 Мас, lg = 0, f = 1.0 MHz) 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance 
(УЕВ = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, Vcg = 6.0 Мас, Rs = 500, 
f = 60 MHz) (Figure 1) 


Power Output 
(Ic = 8.0 mAdc, Vcg = 15 Vdc, f = 500 MHz) 


Common-Emitter Amplifier Power Gain 
(Ic = 6.0 mAdc, Vcg = 12 Vdc, f = 200 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT918 


FIGURE 1 — NF, Gpe MEASUREMENT CIRCUIT 20-200 


VBB Vcc 


EXTERNAL 


100 k ^w. ) 1000 pF Bypass 
Х 
C 0.018 Е (9 
0.018 Е 5 


50 
3 G 
0.018 uF 


0.018 uF 

NF Test Conditions 
lc = 1.0 Amp 
VcE = 6.0 Volts 
Rs = 500 
f = 60 MHz 

Gpe Test Conditions 
lc = 6.0 mA 
VcE = 12 Volts 
f = 200 MHz 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT930 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 


es 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


GENERAL PURPOSE TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


NPN SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to МР$3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Іс = 0) 

Collector Cutoff Current 
(УСЕ = 5.0 Мас, lg = 0) 


Collector Cutoff Current 
(Усв = 45 Мас, ЈЕ = 0) 


Collector Cutoff Current 
(МСЕ = 45 Мас, УВЕ = 0) 


Emitter Cutoff Current 
(МЕВ = 5.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 
(Ic = 10 дАдс, МСЕ = 5.0 Мас) 100 300 
(Ic = 500 „Adc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 0.5 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 0.6 1.0 Vdc 
(Ic = 10 mAdc, lg = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, Vcg = 5.0 Мас, = 30 MHz) 


Output Capacitance 


VCE(sat) = 


(Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rs = 10 КО, 
f = 10 Hz to 15.7 kHz) 
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MMBT2222,A 


CASE 318-02/03, STYLE 6 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 
| Rating | Symbol |MMBT2222 | MMBT2222A 
| Collector-Emitter Voltage | Мсео | 30 | 40 | væ 
| Collector-Base Voltage | Усво | 6 | 


Collector Current — Continuous 


TRANSISTOR 


*Total Device Dissipation, Ta = 25°C NPN SILICON 


Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS2222 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Ма | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) MMBT2222 
MMBT2222A 
dc 


Collector-Base Breakdown Voltage V 
(Ic = 10 „Adc, ЈЕ = 0) MMBT2222 
MMBT2222A 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) MMBT2222 
MMBT2222A 


Collector Cutoff Current 
(УСЕ = 60 Vdc, Уев(он) = 3.0 Мас) MMBT2222A 


Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) MMBT2222 
(Vcg = 60 Мас, ЈЕ = 0) MMBT2222A 
(Vcg = 50 Мас, lg = 0, Ta = 125°C) MMBT2222 
(Усв = 50 Мас, ЈЕ = 0, Ta = 125°C) MMBT2222A 


Emitter Cutoff Current 
(VEB = 3.0 Vde, Ic = 0) MMBT2222A 


Base Cutoff Current 
(МСЕ = 60 Vdc, VEB(off) = 3.0 Мас) MMBT2222A 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.1 mAdc, МСЕ = 10 Vdc) 
(С = 1.0 mAdc, Vcg = 10 Vdc) 
10 mAdc, УСЕ = 10 Мас) 
10 mAdc, Vcg = 10 Vdc, TA = —55°C) MMBT2222A only 
150 mAdc, Vcg = 10 Vdc)(1) 
150 mAdc, Vcg = 1.0 Vdc)(1) 


(С = 500 mAdc, Vcg = 10 Vdc)(1) MMBT2222 
MMBT2222A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) MMBT2222 
MMBT2222A 


yu H H | 


(Ic = 500 mAdc, Ів = 50 mAdc) MMBT2222 
MMBT2222A 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT2222,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Base-Emitter Saturation Voltage(1) 
(Ic. = 150 mAdc, lg = 15 mAdc) 


(Ic = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(с = 20 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(МЕВ = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
(lc = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 
(Ic = 10 mAdc, МСЕ = 
Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Collector Base Time Constant 
ЧЕ = 20 mAdc, Vcg = 20 Мас, = 31.8 MHz) 
Noise Figure 
(Ic = 100 uAdc, Vcg = 10 Мас, Rg = 1.0 КО, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS MMBT2222A only 


10 Vdc, f — 1.0 kHz) 
10 Vdc, f — 1.0 kHz) 


Delay Time 
Rise Time 
Storage Time 
Fall Time 


(1) Pulse Test: Pulse Width « 300 us, Duty Cycle < 2.0%. 


(Усс = 30 Мас, Ic = 150 тАас, 
ІВ1 = ІВ2 = 15 mAdc) 


(Усс = 30 Мас, VBE[off) = 0.5 Мас, 
Ic = 150 mAdc, въ = 15 mAdc) 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBT2222A 
MMBT2222A 

hre x 10-4 
MMBT2222A — 8.0 
MMBT2222A — 4.0 

hfe = 
MMBT2222A 50 300 
MMBT2222A 75 375 

hoe umhos 
MMBT2222A 5.0 35 
MMBT2222A 25 200 

"тыс ms — ue 

MMBT2222A 

NF 4.0 4.0 dB 
MMBT2222A 


(2) fr is defined as the frequency at which |һе| extrapolates to unity. 
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MMBT2369 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Symbol 
| Collector-Emitter Voltage | Усео | 15 | мас | 
Усво 40 Vdc 
Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


SWITCHING TRANSISTOR 


*Total Device Dissipation, Ta = 25°C NPN SILICON 


Derate above 25°C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS2369 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1; 
(с = 10 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(с = 10 џАдс, Мве = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дАдс, |с = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Адс, Ic = 0) 
(Ic = 10 mAdc, МСЕ 


Collector Cutoff Current 
(Усв = 20 Мас, ЈЕ = 0) 
(Vcg = 20 Мас, Іс = 0, TA = 125°C) 
hFE 
40 — 
20 — 
(Ic = 100 mAdc, Vcg = 2.0 Vdc) 20 — 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 0.70 Vde 
(с = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
Ивъ = 2 = Іс = 10 mAdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, VcE 


1.0 Vdc) 
1.0 Vdc, Ta = —55°C) 


Turn-On Time 


(Vcc = 3.0 Мас, lc = 10 mAdc, въ = 3.0 mAdc) 


Turn-Off Time 
(Усс = 3.0 Мас, lc = 10 mAdc, |81 
IB2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT2484 


CASE 318-02/03, STYLE 6 — пати 


SOT-23 (TO-236AA/AB) Rating 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


LOW NOISE TRANSISTOR 


*Total Device Dissipation, Ta = 25°C mW 
NPN SILICON 


Derate above 25°C 
Storage Temperature “С 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Cs ed xu T Me | ss] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 45 Мас, lg = 0) 
(Vcg = 45 Мас, ЈЕ = 0, TA 150°C) 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 1.0 mAdc, IB = 0.1 mAdc) 


Base-Emitter On Voltage | VBE(on) 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 140 kHz) 


Input Capacitance 


(УВЕ = 0.5 Мас, Іс = 0, = 140 kHz) 


Noise Figure 
(Ic = 10 „Adc, Vcg = 5.0 Мас, Rg = 10 КО, f = 1.0 kHz, BW = 200 Hz) 
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MAXIMUM RATINGS 


Rating Symbol |МР$2907| МР52907А 
Collector-Emitter Voltage VCEO 40 | 6 | 


Collector-Base Voltage Усво | — A | 
Emitter-Base Voltage VEBO | | 50 | 
Collector Current — Continuous | tc ] e | 


THERMAL CHARACTERISTICS 
x Chem [этш | мы | 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
*Thermal Resistance Junction to Ambient RaJA 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MMBT2907,A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to MPS2907 for graphs. 


Characteristic | Symboli | Mim | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, lg = 0) MMBT2907 
MMBT2907A 


Collector-Base Breakdown Voltage 

(Ic = 10 „Adc, lg = 0) 
Emitter-Base Breakdown Voltage 

(Е = 10 рАас, Іс = 0) 
Collector Cutoff Current 

(VCE = 30 Vdc, VBE(off) = 0.5 Мас) 
Collector Cutoff Current 


(VcB = 50 Мас, IE = 0) MMBT2907 
MMBT2907A 


(VCB = 50 Мас, ЈЕ = 0, Ta = 125°C) MMBT2907 
MMBT2907A 


Base Current 
(МСЕ = 30 Мас, VBE(off) = 0.5 Мас) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Мас) MMBT2907 
MMBT2907A 


(lc = 1.0 mAdc, Vcg = 10 Мас) MMBT2907 
MMBT2907A 


(Ic = 10 mAdc, Усе = 10 Мас) MMBT2907 
MMBT2907A 


(Ic = 150 mAdc, Vcg = 10 Мас)(1) MMBT2907, MMBT2907A 


(Ic = 500 mAdc, Vcg = 10 Мас)(1) MMBT2907 
MMBT2907A 


Collector-Emitter Saturation Voltage(1) 
(ІС = 150 mAdc, Ig = 15 тАас) 
(ІС = 500 mAdc, Ів = 50 mAdc) 
Base-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, lg = 15 mAdc) 
(Ic = 500 mAdc, lg = 50 mAdc) 


SMALL-SIGNAL DEVICES 


3-93 


V(BR)CEO Vdc 
40 
60 


VCE(sat) 


VBE(sat) 


MOTOROLA SEMICONDUCTORS 


MMBT2907,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
[Characteristic [эм | Mi | Me [| џм | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1),(2) 
(ІС = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance 


(Усв = 10 Мас, lg = 0, = 1.0 MHz) 


Input Capacitance 
(УВЕ = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


- (Усс = 30 Мас, lc = 150 mAdc, 
Delay Time IB1 = 15 mAdc) 


5 (Усс = 6.0 Мас, Іс = 150 mAdc, 
Storage Time lg = Ipo = 15 mAdc) 
Fall Time 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 
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MMBT3640 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


[Rating — [а мш | Ше | 
eevee — — [| КҮН | | Ww | 
Г сойеаоеваве Vote — | veeo | № | ve | 
[кешебез —— | Мю | № | м | 
[Concor Curent — Continuous — | © | [mte | 


% 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


| 3 | 
[Sume | Max | Um | 
*Total Device Dissipation, TA — 25'C ~ | 22 mW 
Derate above 25°C mW/C 
| Storage Temperature | | — | Teg | о | © | 
Cere | "жа | зи | ow] 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Gk [ая | Mm | we | Um | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 100 дАдс, Мве = 0) | Мвюсе | 12 | = | ve | 
Collector-Emitter Sustaining Voltage(1) (lc = 10 mAdc, в = 0) 
VIBR)CBO 
Emitter-Base Breakdown Voltage (Е = 100 uAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 6.0 Мас, VBE = 0) 
(VcE = 6.0 Vdc, VBE = 0, TA = 65°C) 


Base Current (Vcg = 6.0 Vdc, УВЕ = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain (Іс = 10 mAdc, Vcg = 0.3 Vdc) 
(с = 50 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (lc — 10 mAdc, lg — 1.0 mAdc) VCE(sat) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
(с = 10 mAdc, lg = 1.0 mAdc, TA = 65°C) 


k А 
Base-Emitter Saturation Voltage (с = 10 mAdc, lg = 0.5 mAdc) VBE(sat) 
(с = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (ІС = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) | қ | 50 | — | me | 
Output Capacitance (Vcg = = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) | Ва | c] sa | wk | 
Input Capacitance (УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) | Ho | = | 


SWITCHING CHARACTERISTICS 

Delay Time (Усс = 6.0 Vde, Іс = 50 mAdc, VBE(off) = 1.9 Vdc, 
Rise Time ІВ1 = 5.0 mAdc) 

Storage Time (Усс = 6.0 Мас, Іс = 50 тАчс, въ = 

Fall Time 


Turn-On Time 
(Усс = 6.0 Мас, lc = 50 mAdc, Уве(он) = 1.9 Мас, въ = 5.0 mAdc) 
(Усс = 1.5 Мас, lc = 10 mAdc, |81 = 0.5 тАдс) 


Turn-Off Time 
(Усс = 6.0 Мас, lc = 50 mAdc, VBE(off) = 1.9 V, въ = Ів2 = 5.0 mAdc) 
(Vcc = 1.5 Мас, lc = 10 mAdc, въ = 182 = 0.5 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MMBT3903 
MMBT3904 


CASE 318-03, STYLE 6 MAXIMUM RATINGS 


SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 


Collector-Base Voltge 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


Max 
*Total Device Dissipation, Ta = 25°C 350 
Derate above 25°C 2.8 


Unit 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 
357 ew | 
*Package mounted on 99.596 alumina 10 x 8 x 0.6 mm. 
Refer to 2N3903 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 uAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 дАдс, Ic = 0) 


Base Cutoff Current IBL 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 


Collector Cutoff Current ІСЕХ 
(УСЕ = 30 Мас, Уев = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 0.1 mAdc, УСЕ 


1.0 Vdc) MMBT3903 
MMBT3904 


(С = 1.0 mAdc, Vcg = 1.0 Мас) MMBT3903 35 


MMBT3904 


10 mAdc, Vcg = 1.0 Мас) 


(Ic MMBT3903 


MMBT3904 


(1С = 50 mAdc, Vcg = 1.0 Мас) MMBT3903 


MMBT3904 60 


15 
30 
VCE(sat) 
= 0.2 
== 0.3 
VBE(sat) Vdc 
0.65 0.85 
— 0.95 


100 mAdc, Vcg = 1.0 Мас) MMBT3903 
MMBT3904 


(Ic 


Collector-Emitter Saturation Voltage(1) 

(Ic = 10 mAdc, Ів = 1.0 mAdc) 

(Ic = 50 mAdc, lg = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 

(Ic = 10 mAdc, lg = 1.0 mAdc) 

(ІС = 50 mAdc, Ів = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) MMBT3903 
MMBT3904 
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MMBT3903 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min 


Output Capacitance Cobo — pF 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance Cibo 

(УВЕ = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


Input Impedance 
(lc = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MMBT3903 


MMBT3904 


Voltage Feedback Ratio hre X 10-4 
Пс = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MMBT3903 0.1 5.0 
MMBT3904 0.5 8.0 
Small-Signal Current Gain hfe — 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MMBT3903 50 200 
MMBT3904 100 400 
Output Admittance hoe 1.0 40 штһов 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Noise Figure 
(Ic = 100 „Адс, Vcg = 5.0 Мас, Rs = 1.0 k ohms, MMBT3903 


f = 10 Hz to 15.7 kHz) ммвтз904 
SWITCHING CHARACTERISTICS 


Delay Time (Усс = 3.0 Мас, УВЕ = 0.5 Мас, 


Storage Time (Усс = 3.0 Мас, Іс = 10 mAdc, MMBT3903 
ІВ1 = ІВ2 = 1.0 mAdc) MMBT3904 
Fall Time 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-97 


MMBT3906 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage VEBO NE XH 
Collector Current — Continuous | je | 29 | 


THERMAL CHARACTERISTICS 


[Characteristic | Symbol | _ Мах | 

k ZS ЊЕ Ы 
Derate above 25°C 2.8 

| Storage Temperature — | Teg | 150 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3905 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x ме | Symb! | м | Me | ши | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(lc = 1.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Iic = 10 uAdc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 10 дАдс, Ic = 0) 

Base Cutoff Current 
(УСЕ = 30 Мас, МВЕ = 3.0 Vdc) 


Collector Cutoff Current 
(УСЕ = 30 Мас, Мве = 3.0 Мас) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(с = 50 mAdc, Vcg = 1.0 Мас) 
(с = 100 mAdc, МСЕ = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 

(Ic = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Output Capacitance 

(св = 5.0 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 

(VBE = 0.5 Vdc, Іс = 0, f = 100 kHz) 


Input Impedance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT3906 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 


= 
Output Admittance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(с = 100 uAdc, Vcg = 5.0 Мас, Rs = 1.0 k ohm, f = 10 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE = 0.5 Vdc 
lc = 10 mAdc, въ = 1.0 mAdc) 


Rise Time 


Storage Time (Усс = 3.0 Мас, Ic = 10 mAdc, 
ІВ1 = ІВ2 = 1.0 mAdc) 


Fall Time 
(1) Pulse Width = 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT4124 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Rating Symbol 
Collector-Emitter Voltage VCEO | 2 | 
Collector-Base Voltage VCBO 


Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


Characteristic 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N4123 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, lg = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 20 Мас, lg = 0) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 2.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 0.3 
(с = 50 mAdc, Ів = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 0.95 
(с = 50 mAdc, Ів = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 

(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 
Input Capacitance 

(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 
Collector-Base Capacitance 

ЧЕ = 0, Vcg = 5.0 V, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 10 Мас, f = 1.0 kHz) 


+ 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 
(с = 2.0 mAdc, Vcg = 10 V, f = 1.0 kHz) 


Noise Figure 
(с = 100 „Adc, Vcg = 5.0 Мас, Rs = 1.0 kohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
[cwesorEmmerVetae | Veco | ® | 2 | ve | 
соса ване Vote мово | æ | 
| EmiterBase vonage — маво | м | 


MMBT4125 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Characteristic | Symbol | Max | Unt | 


*Total Device Dissipation, TA = 25°C mW 

Derate above 25°C mW/°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient | Раја | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x теме вы | м | Mex | Um | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(с = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, [С = 0) 

Collector Cutoff Current 
(Vcg = 20 Мас, ЈЕ = 0) 


Emitter Cutoff Current 


(УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 2.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 50 mAdc, Vcg = 1.0 Мас) 
Collector-Emitter Saturation Voltage(1) VCE(sat) Мас 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(ІС = 50 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, = 100 kHz) 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
Noise Figure 
(Ic = 100 „Adc, Vcg = 5.0 Мас, Rs = 1.0 kohm, 
Noise Bandwidth — 10 Hz to 15.7 kHz) 
(1) Pulse Test: Pulse Width = 300 „sec, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT4401 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


[ м [Зума | Маше | Unt | 

Collector-Emitter Voltage VCEO | 40 | Мас | 

| Collector-Base Voltage | Усво | 90 | Vd | 

|EmiterBase Voltage || Мево | 6o | Vd | 

| Collector Current — Continuous | lc | 600 | тд | 
SWITCHING TRANSISTOR НЫНА ЕНАНАСТЕНССЕ 

Еш WE NE 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C Eo 
Storage Temperature — и 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N4401 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic шта | min | We | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 1.0 mAdc, lg = 0) Мвюсо| 40 | — | ve | 
Collector-Base Breakdown Voltage (lc — 0.1 mAdc, lg — 0) VIBR)CBO | ке | == | Че | 


Emitter-Base Breakdown Voltage (lg = 0.1 mAdc, Іс = 0) V(BR)EBO 6.0 
Collector Cutoff Current (Vcg = 35 Мас, Veg = 0.4 Мас) 
ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 150 mAdc, Vcg = 1.0 Мас) 
(с = 500 mAdc, Vcg = 2.0 Мас) 


Collector-Emitter Saturation Voltage 150 mAdc, lg = 15 mAdc) VCE(sat) 
500 mAdc, lg = 50 mAdc) 


Base-Emitter Saturation Voltage (lc = 150 mAdc, lg = 15 mAdc) VBE(sat) 
(Ic = 500 mAdc, lg = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Vdc, Іс = 0, = 100 kHz) 


Input Impedance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Ncc = 30 Мас, Veg = 2.0 Мас, 
= 150 mAdc, lg1 = 15 mAdc) 
(Vcc = 30 Мас, Іс = 150 mAdc, 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MMBT4403 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


По оте | 
УСЕО 
Collector-Base Voltage VCBO 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristic вы | ма | Mex | Џл | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 1.0 mAdc, Ів = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Іс = 0.1 mAdc, Іс = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 0.1 тАдс, Ic = 0) V(BR)EBO 


Base Cutoff Current (Vcg = 35 Мас, УвЕ = 0.4 Мас) IBEV |_--= | 


Collector Cutoff Current (Vcg = 35 Мас, УВЕ = 0.4 Vdc) ІСЕХ 
ОМ CHARACTERISTICS 


DC Current Gain (Іс = 0.1 mAdc, Vcg = 1.0 Vdc) ПЕЕ 30 
(с = 1.0 mAdc, Vcg = 1.0 Мас) 60 
(с = 10 mAdc, Vcg = 1.0 Уас) 
(1С = 150 mAdc, Vcg = 2.0 Мас)(1) 
(с = 500 mAdc, Vcg = 2.0 Мас)(1) 


Collector-Emitter Saturation Voltage(1) (Іс = 150 mAdc, Ів = 15 mAdc) VCE(sat) 
(Іс = 500 mAdc, Ів = 50 mAdc) 
Base-Emitter Saturation Voltage(1) (lc = 150 mAdc, Ів = 15 mAdc) 
(ІС = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Іс = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 


WT 

| 85 | 

= | 

ШЕГЕН 
Voltage Feedback Ratio (Іс = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) he | 01! | во | X104 

| 300 | 

ERN 

__2 | 

| 2% | 

__ | 


Small-Signal Current Gain (Іс = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Output Admittance (lc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, VBE = 2.0 Мас, 
= 15 mAdc) 


Rise Time ІС = 150 mAdc, Ів1 


Storage Time (Vcc = 30 Vdc, Ic = 150 mAdc, 
ІВ1 = ІВ2 = 15 mAdc) 


Fall Time 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT5086,87 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


LOW NOISE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


MAXIMUM RATINGS 
Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Characteristic | уто | ма | мах | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 тАдс, lg = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 дАдс, ЈЕ = 0) 
Collector Cutoff Current 
(VCB = 10 Vdc, ЈЕ = 0) 
(Усв = 35 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 100 Adc, Vcg = 5.0 Мас) 


1.0 mAdc, Vcg = 5.0 Мас) 


(Ic = 


10 mAdc, Vcg = 5.0 Vdc) 


(Ic = 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 тАдс, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 500 „Айс, VcE = 5.0 Мас, f = 20 MHz) 


Output Capacitance 
(Усв = 5.0 Мас, lp = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 тАдс, УСЕ 
(Ic = 1.0 mAdc, УСЕ 

Noise Figure 


(с = 20 mAdc, Vcg = 5.0 Мас, Rs = 
f — 10 Hz to 15.7 kHz) 


5.0 Vdc, f — 1.0 kHz) 
5.0 Vdc, f — 1.0 kHz) 


10 КО, 


100 „Айс, Vcg = 5.0 Мас, 
3.0 КО, f = 1.0 kHz) 


(lc = 
Rs = 


MOTOROLA SEMICONDUCTORS 


ММВТ5086 
ММВТ5087 


ММВТ5086 
ММВТ5087 


ММВТ5086 
ММВТ5087 


Collector-Base Voltage | VCBO | 


*Thermal Resistance Junction to Ambient 


[эж | [ши | 
E CHEN NEN M 


Symbol Max 


x 0.6 mm. 


LN RA ок 


MMBT5086 
MMBT5087 


ММВТ5086 
ММВТ5087 


ММВТ5086 
ММВТ5087 
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SMALL-SIGNAL DEVICES 


MMBT5088,89 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


LOW NOISE TRANSISTOR 


NPN SILICON 


Characteristic 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|______________ Characteristic —  — Әит | ма | Me | ший | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ig = 0) MMBT5088 
ММВТ5089 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 „Adc, ЈЕ = 0) MMBT5088 
MMBT5089 


Collector Cutoff Current 
(Vcg = 20 Мас, ЈЕ = 0) MMBT5088 
(Усв = 15 Vdc, ЈЕ = 0) ММВТ5089 


Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, Ic = 0) MMBT5088 
(VEB(off) = 4.5 Мас, Іс = 0) ММВТ5089 


ON CHARACTERISTICS 


DC Current бат (Іс = 100 „Адс, Vcg = 5.0 Мас) ММВТ5088 
ММВТ5089 


(С = 1.0 mAdc, ҮСЕ = 5.0 Мас) MMBT5088 
MMBT5089 


(с = 10 тАдс, Vcg = 5.0 Мас) MMBT5088 
ММВТ5089 


Collector-Emitter Saturation Voltage (Іс = 10 mAdc, lg = 1.0 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) VBE(sat 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 500 рАас, Vcg = 5.0 Мас, f = 20 MHz) 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 100 kHz emitter guarded) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, = 100 kHz collector guarded) 


Small Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) ММВТ5088 
MMBT5089 


Noise Figure 
(ІС = 100 дАдс, VcE = 5.0 Мас, Rs = 10 КО, 
f = 10 Hz to 15.7 Hz) MMBT5088 
MMBT5089 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT5401 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 


SOT-23 (TO-236AA/AB) Rating 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C mW^C 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


PNP SILICON 


Refer to 2N5401 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic O Symbi | Ма | мах | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 150 Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 100 Мас, ЈЕ = 0) 
(Vcg = 100 Мас, 1Е = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 
(Ic = 10 тАдс, Vcg = 5.0 Мас) 

(Ic = 50 mAdc, Vcg = 5.0 Мас) 

Collector-Emitter Saturation Voltage 


(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(С = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
Output Capacitance 

(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


VCE(sat) 


VBE(sat) 


Noise Figure 
(с = 200 „Адс, Vcg = 5.0 Мас, Rg = 10 ohms, 
f = 10 Hz to 15.7 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT5550 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL herb 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x "m mm. 
Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Min | мах | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 140 Vde 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 uAdc, Іс = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Іс = 0) 

Collector Cutoff Current 


(Усв = 100 Мас, ЈЕ = 0) 
(Vcg = 100 Мас, lg = 0, Ta = 100°C) 


Emitter Cutoff Current 
(УЕВ = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 
(Ic = 50 mAdc, МСЕ = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, в = 1.0 mAdc) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 


yog 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


60 
60 
20 
VCE(sat) Vdc 
0.15 
0.25 
VBE (sat) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT6427 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


_________ вала — | Symbol | Маше | Unt | 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


DARLINGTON TRANSISTOR 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristie | Symb! | ма | мах | Ший | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 дАдс, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ic = 10 дАдс, Ic = 0) 

Collector Cutoff Current 


(МСЕ = 25 Мас, Ів = 0) 
Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) 
Emitter Cutoff Current 
(УВЕ = 10 Мас, lc = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 10 mAdc, Vcg = 5.0 Vdc) 100,000 


(ic = 100 mAdc, Vcg = 5.0 Мас) 200,000 
(Ic = 500 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 50 mAdc, Ів = 0.5 mAdc) 
(Ic = 500 mAdc, Ів = 0.5 mAdc) 

Base-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ів = 0.5 mAdc) 

Base-Emitter On Voltage 
(с = 50 mAdc, Мсе = 5.0 Мас) 

SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Current Gain — High Frequency 
(с = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, Усе = 5.0 Мас, Rs = 100 КО, 
= 1.0 kHz to 15.7 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT6428,29 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


[Collector Base Меке — — | veso | № | s | 
Emitter-Base Voltage | Мево | 690 | 
Collector Current — Continuous | tc | 2 | 


THERMAL CHARACTERISTICS 


| mAdc | 
| Unit | 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristic ды | ма | Mex | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ів = 0) MMBT6428 
(с = 1.0 mAdc, Ів = 0) MMBT6429 
Collector-Base Breakdown Voltage V(BR)CBO мас 
= 0.1 тАдс, lg = 0) MMBT6428 
= 0.1 mAdc, lp = 0) MMBT6429 
Collector Cutoff Current ІСЕО 0.1 uAdc 
(Усе = 30 Мас) 
Collector Cutoff Current ІСВО pAdc 
(Усв = 30 Мас, IE = 0) 
Emitter Cutoff Current pAdc 
(МЕВ = 5.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 0.01 mAdc, Vcg = 5.0 Мас) MMBT6428 
MMBT6429 
(с = 0.1 mAdc, УСЕ = 5.0 Мас) MMBT6428 
MMBT6429 
(С = 1.0 mAdc, Vcg = 5.0 Мас) MMBT6428 
MMBT6429 
(С = 10 mAdc, Vcg = 5.0 Мас) MMBT6428 


MMBT6429 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 0.5 mAdc) 
(ІС = 100 mAdc, Ів = 5.0 mAdc) 


Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT6517 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


РА, 
* 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Refer to 2N6517 for graphs. 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO EE | 
Collector-Base Voltage Усво 


Emitter-Base Voltage 


Base Current 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 1.0 mA) 


Collector-Base Breakdown Voltage 
(Ic = 100 дА) 

Emitter-Base Breakdown Voltage 
(IE = 10 дА) 

Collector Cutoff Current 
(Vcg = 250 V) 


Emitter Cutoff Current 
(Veg = 5.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mA, Vcg = 10 V) 
(Ic = 10 mA, Vcg = 10 V) 
(Ic = 30 mA, Vcg = 10 V) 
(Ic = 50 mA, Vcg = 10 V) 
(С = 100 mA, Vcg = 10 V) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ig = 1.0 mA) 
(с = 20 mA, в = 2.0 mA) 
(с = 30 mA, Ів = 3.0 mA) 
(с = 50 mA, Ів = 5.0 mA) 


Base-Emitter Saturation Voltage 
(Ic = 10 тА, Ів = 1.0 mA) 
(с = 20 mA, Ів = 2.0 mA) 
(с = 30 mA, Ів = 3.0 mA) 


W" H H H 


Base-Emitter On Voltage 
(с = 100 mA, Vcg = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, Vcg = 20 V, f = 20 MHz) 


" Collector-Base Capacitance 
(Усв = 20 V, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VEB = 0.5 V, f = 1.0 MHz) 


nA 


nA 


VCE(sat) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Collector-Emitter Voltage | 35 | Мас | 


Collector-Base Voltage Усво [з | vd | 


Emitter-Base Voltage 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA — 25'C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x imm mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic — 1.0 mA) 


Collector-Base Breakdown Voltage 
(Ic = 100 uA) 

Emitter-Base Breakdown Voltage 
(IE = 10 цд) 

Collector Cutoff Current 
(VcB = 250 V) 


Emitter Cutoff Current 
(VEB = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(С = 1.0 mA, УСЕ = 10 V) 
(Ic = 10 mA, Vcg = 10 V) 
(с = 30 mA, Vcg = 10 V) 
50 mA, Vcg = 10 V) 
100 mA, Vcg = 10 V) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ів = 1.0 mA) 
(с = 20 mA, Ів = 2.0 mA) 
(с = 30 mA, Ів = 3.0 mA) 
(Ic = 50 mA, Ip = 5.0 mA) 


Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ів = 1.0 mA) 
20 mA, в = 2.0 mA) 
30 тА, lg = 3.0 mA) 


Base-Emitter On Voltage 
(с = 100 mA, Vcg = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, Vcg = 20 V, f = 20 MHz) 


Collector-Base Capacitance 


(Усв = 20 V, f = 1.0 MHz) 


Emitter-Base Capacitance 


MMBT6520 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 
PNP SILICON 


Refer to 2N6520 for graphs. 


ее aaa 
еее 
kasa 


20 

15 
VCE(sat) в 
Vee (sat) EI 


(VEB = 0.5 V, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MMBT6543 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS6543 for graphs. 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Chaateitic — | Symbol | Min | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 1.0 тАас, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, [С = 0) 
Collector Cutoff Current 
(Vcg = 25 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 4.0 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 тАас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, МСЕ = 12 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Vdc, ЈЕ = 0, f = 1.0 MHz) 


Collector Base Time Constant 
ЧЕ = 4.0 mAdc, Vcg = 12 Мас, f = 31.8 MHz) 


V(BR)CEO 

V(BR)CBO 

V(BR)EBO 
ІСВО 


ЕВО 


ПЕЕ 


УСЕ(ват) 


VBE(sat) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Ic 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


ММВТА05,06 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DRIVER TRANSISTOR 


NPN SILICON 


Symbol Min 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ів = 0) ММВТА05 


ММВТАОб 


Emitter-Base Breakdown Voltage 
(IE = 100 „Acdc, Іс = 0) 


Collector Cutoff Current 
(МСЕ = 60 Мас, Ів = 0) 


V(BR)CEO 


V(BR)EBO 


Collector Cutoff Current 
(Усв = 60 Мас, Ip 
(Vcg = 80 Мас, IE 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, lg = 10 mAdc) 


Base-Emitter On Voltage 
(с = 100 mAdc, VcE = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


MMBTAO5 
MMBTAO6 


0) 
0) 


VCE(sat) = saf Vde 


(lc = 10 mA, ҮСЕ = 2.0 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


НИ 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MMBTA13,14 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


| вала — [| Symbol | Маше | 
Collector-Emitter Voltage VCES | 30 | 
Collector-Base Voltage Усво ws 


Emitter-Base Voltage VEBO [ «qw | 
Collector Current — Continuous | Je “| аи 


DARLINGTON AMPLIFIER THERMAL CHARACTERISTICS 


TRANSISTOR | Characteristic | Symbol | Ма | 


*Total Device Dissipation, Ta = 25°C Pp 350 
NPN SILICON Derate above 25°C 2.8 
Storage Temperature Теа 150 “С 


*Package mounted оп 99.5% alumina 10 x 8 x 0.6 mm. 


ч? 


Refer to 2N6426 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(с = 100 „Adc, Ів = 0) 
Collector Cutoff Current (сво 
(Vcg = 30 Мас, ЈЕ = 0) 
Emitter Cutoff Current ЕВО 
(УВЕ = 10 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(с = 10 mAdc, Vcg = 5.0 Мас) MMBTA13 5000 
MMBTA14 10,000 


(С = 100 mAdc, Vcg = 5.0 Мас) MMBTA13 10,000 
MMBTA14 20,000 


Collector-Emitter Saturation Voltage VcE(sat) 
(с = 100 mAdc, lg = 0.1 mAdc) 


Base-Emitter On Voltage VBE 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(lc = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr = |hfel * ftest. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage 40 


Vdc 
Emitter-Base Voltage VEBO | 40 [| № | 
ТАРА тыға 


Collector Current — Continuous BEN 


THERMAL CHARACTERISTICS 


(Characteristic | Бутва | мы | Un | 
*Total Device Dissipation, TA = 25°C ЕЖЕ ШЕ Ч 
Derate above 25°C 2.8 mW/C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MMBTA20 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE AMPLIFIER 


NPN SILICON 


Refer to MPS3904 for graphs. 


|_______________ әніне | Symb! | м | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ів = 0) 


Emitter-Base Breakdown Voltage 
(lp = 100 „Adc, Іс = 0) 


Collector Cutoff Current 


V(BR)EBO 


(Vcg = 30 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, МСЕ = 10 Мас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, в = 1.0 mAdc) 


ICBO 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(VCB = 10 Мас ЈЕ = 0, f = 100 kHz) 


== =] 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MMBTA42,43 


MAXIMUM RATINGS 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) Rating 


Collector-Emitter Voltage МСЕО 300 200 Мас 


Collector-Base Voltage VCBO 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 
HIGH VOLTAGE TRANSISTOR Characteristic 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPSA42 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 1.0 mAdc, Ів = 0) MMBTA42 
MMBTA43 


V(BR)CEO 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, ЈЕ = 0) MMBTA42 300 -- 


ММВТА4З |- | 200 


V(BR)EBO 6.0 


Emitter-Base Breakdown Voltage 
(IE = 100 дАдс, lc = 0) 
Collector Cutoff Current (сво 
(Vcg = 200 Мас, ЈЕ = 0) MMBTA42 
(Vcg = 160 Мас, ЈЕ = 0) MMBTA43 — 


Emitter Cutoff Current ІЕВО 

(УВЕ = 6.0 Мас, Іс = 0) MMBTA42 
(УВЕ = 4.0 Мас, Іс = 0) MMBTA43 
ON CHARACTERISTICS(1) 

DC Current Gain 


(Ic = 1.0 mAdc, Vcg = 10 Мас) Both Types 
(Ic = 10 mAdc, Vcg = 10 Мас) Both Types 40 — 


30 mAdc, Vcg = 10 Vdc) MMBTA42 


MMBTA43 


(Ic 


Collector-Emitter Saturation Voltage 
(с = 20 mAdc, Ів = 2.0 mAdc) MMBTA42 
ММВТА4З L 


VCE(sat) 


Base-Emitter Saturation Voltage 


VBE(sat) 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Collector-Base Capacitance 

(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) MMBTA42 
MMBTA43 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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ММВТА55,56 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


C Rag | Symbol [VMBTASS|MMBTASS| Unit | 
samana votage — [мо | ® | 
|седогаме мои | Мано | @ [№ | ve | 
Гете | мо | м | ve | 
Fcolector Curent Continuous — | ic | — sm | made | 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


во | 


DRIVER TRANSISTOR 


PNP SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


оммаи — smi | Me | Me | VU | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(С = 1.0 mAdc, Ig = 0) ММВТА55 60 

ММВТА56 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current ІСЕО иАдс 
(УСЕ = 60 Мас, lg = 0) 

Collector Cutoff Current IcBO pAdc 
(Vcg = 60 Мас, ЈЕ = 0) ММВТА55 
(Vcg = 80 Мас, ЈЕ = 0) ММВТА56 

ON CHARACTERISTICS 

DC Current Gain hee 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 100 mAdc, IB = 10 mAdc) 

Жыл EA | 


Base-Emitter On Voltage VBE(on) 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(Ic = 100 mAdc, Vcg = 1.0 Мас, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBTA63 
MMBTA64 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage VCES 


Collector-Base Voltage VCBO 


Emitter-Base Voltage VEBO 


Collector Current — Continuous | к | 50 | 


THERMAL CHARACTERISTICS 


|. Characteristic — | Symbol | 


*Total Device Dissipation, TA = 25°C mW 
Derate above 25°C mW^C 


Storage Temperature | тва | р | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DARLINGTON TRANSISTOR 


PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 100 „Аас) 


Collector Cutoff Current (сво 
(VCB = 30 Мас) 


Emitter Cutoff Current ЕВО 
(УВЕ = 10 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
10 mAdc, Vcg = 5.0 Vdc) MMBTA63 
10 mAdc, Vcg = 5.0 Vdc) MMBTA64 
100 mAdc, Vcg = 5.0 Vdc) MMBTA63 
100 mAdc, Vcg = 5.0 Мас) MMBTA64 


о 
и 


u IH 


Collector-Emitter Saturation Voltage VCE(sat) -- 
(Іс = 100 mAdc, в = 0.1 тАдс) 
Base-Emitter On Voltage VBE(on) — 2.0 Vdc 


(с = 100 mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fr 125 — 
(Ic = 10 mAdc, Vcg = 50 Мас, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBTA70 


CASE 318-02/03, STYLE 6 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


“ғ. Гала ме `] 
[сомитов | veo | 4 | 
[zmmerseevomge | veso | № | 
[Conector Current — Gontmuous — | ic | 10o | 


Ic 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature | Tag | | © | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.596 alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|  Chamdersic | Symb! | Mi | Mex | Чи | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 uAdc, Ic = 0) 
Collector Cutoff Current ІСВО abs 
(Усв = 30 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 40 400 
(с = 5.0 тАдс, Vcg = 10 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 тАдс) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBTA92,93 


CASE 318-02/03, STYLE 6 


SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


x № | Symbol |MMBTASZ|MMBTASS| Unit | 
| 200 | vae | 


Collector-Emitter Voltage VCEO 


200 Vdc 
Collector-Base Voltage Усво | 30 | 20 | vdc | 
Emitter-Base Voltage 3 рац. Бенина | 50 | № | 
Collector Current — Continuous | mAdc | 


THERMAL CHARACTERISTICS 


HIGH VOLTAGE 
TRANSISTOR [characteristic | Symbol | Max | Unit | 
*Total Device Dissipation, Ta = 25°C mW 
PNP SILICON Derate above 25°C mW^C 


Storage Temperature | Жан. | ЫЫ БЕЛ 
*Thermal Resistance Junction to Ambient | mua |^ авт ow | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPSA92 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Свавевие | Symb | ма | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ів = 0) ММВТА92 
MMBTAS3 


Collector-Base Breakdown Voltage 
(Ic = 100 дАдс, ЈЕ = 0) MMBTA92 
MMBTA93 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, Ic = 0) 

Collector Cutoff Current 
(Vcg = 200 Мас, ЈЕ = 0) MMBTA92 
(Усв = 160 Мас, ЈЕ = 0) ММВТАЭЗ 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) Both Types 
(Ic = 10 mAdc, Vcg = 10 Vdc) Both Types 


(с = 30 mAdc, Vcg = 10 Мас) MMBTAQ2 
MMBTAQ3 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 20 mAdc, Ів = 2.0 mAdc) ММВТА92 - 
MMBTA93 — 
Base-Emitter Saturation Voltage VBE(sat) — Vdc 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) MMBTA92 
ММВТАЭЗ 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBTH10 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
[| Raimg | Symbol | Unit 
| Collector-Emitter Voltage | Vceo | 25 | № | 
| Collector-Base Voltage | Усво | 3 | № | 
| Emitter-Base Voltage | Veso | 39 | ме 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Мах | Unit | 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C ER 8 WE 


Storage Temperature 


*Thermal Resistance Junction to Ambient — e 


*Package mounted on 99.596 alumina 10 x 8 x 0.6 mm. 


VHF/UHF TRANSISTOR 


NPN SILICON 


Refer to MPSH10 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Chamersit | ӛте | ма | Me | Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Іс = 0) 


Collector Cutoff Current 
(VcB = 25 Мас, Ip = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 4.0 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(с = 4.0 mAdc, lg = 0.4 mAdc) 


Base-Emitter On Voltage 
(с = 4.0 mAdc, МСЕ = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Common-Base Feedback Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 31.8 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBTH24 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


30 Vdc 
Collector-Base Voltage VCBO 40 Vdc 
0 Vdc 


Emitter-Base Voltage 4. 


Collector Current — Continuous Ic 100 mAdc 


THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 


*Total Device Dissipation, Ta = 25°C Pp 350 mW 
Derate above 25°C 2.8 mW^C 


Storage Temperature m 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


VHF MIXER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | тур | Mex | unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(С = 100 uAdc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Іс = 0) 

Collector Cutoff Current ICBO nAdc 
(Усв = 15 Мас, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(Ic = 8.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(1С = 8.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Conversion Gain 


(213 MHz to 45 MHz) 

(с = 8.0 mAdc, Усс = 20 Мас, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

(Ic = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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ММВТН81 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


С кычы ë |ы | Ve | Unt | 
Collector-Emitter Voltage УСЕО | 20 | Vd | 


Collector-Base Voltage VCBO ШШЕ ПЕР уас 
Emitter-Base Voltage VEBO | BB. 4 


THERMAL CHARACTERISTICS 
Characteristic 


UHF/VHF TRANSISTOR 


= > урус газ 
Total Device Dissipation, TA = 25°C PNP SILICON 


Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Chats — — — | Symbol | ма | Тур | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcg = 10 Мас, ЈЕ = 0) 

Emitter Cutoff Current nAdc 
(УВЕ = 2.0 Мас, Іс = 0) 

ON CHARACTERISTICS 

DC Current Gain hrE 
(Ic = 5.0 mAdc, Vcg = 10 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 5.0 mAdc, lg = 0.5 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(с = 5.0 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Мас, lp = 0, f = 1.0 MHz) 


Collector-Emitter Capacitance 
(IB = 0, Vcg = 10 Мас, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBV105G 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating Вит Value | Unit | 
me n ав юма. 


Forward Current mAdc 


THERMAL CHARACTERISTICS 


VOLTAGE VARIABLE Characteristic Symbol 
CAPACITANCE DIODE *Total Device Dissipation, TA = 25°C Pp 


Derate above 25°C 


Storage Temperature Tstg 


*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic: | Symbi | min | Typ | Mex | Uni | 


OFF CHARACTERISTICS 
Reverse Breakdown Voltage V(BR) 
(IR = 10 дАдс) 
Reverse Voltage Leakage Current 
(VR = 28 Vdc) 
Series Inductance 
(f = 250 MHz) 
Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vdc, f = 1.0 MHz) 
Diode Capacitance 
(VR = 25 Мас) 
Capacitance Ratio C3/C25 
(VR1 = 3.0 Мас, Ув2 = 25 Мас, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBV109 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
va 


| Symbol | 

| VR | o | 

L b l 29 | 

THERMAL CHARACTERISTICS 

KE sms VOLTAGE VARIABLE 
[тю | 150 | 


*Total Device Dissipation, Ta = 25°C CAPACITANCE DIODE 


Derate above 25°C 
Tstg 


Storage Temperature д 
*Thermal Resistance Junction to Ambient 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(IR = 10 uAdc) 

Reverse Voltage Leakage Current 
(VR = 28 Vdc) 

Series Inductance 
(f = 250 MHz) 


Case Capacitance 
(f = 1.0 MHz) 


Figure of Merit 
(VR = 3.0 Vde, f = 50 MHz) 


Diode Capacitance 
(VR = 3.0 Vde, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBV2101 
thru 
MMBV2109 


CASE 318-02/03, STYLE 8 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Rating Symbol 
Reverse Voltage 


Forward Current 


THERMAL CHARACTERISTICS 
Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


TUNING DIODE 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 
Reverse Breakdown Voltage 
(IR = 10 uAdc) 
Reverse Voltage Leakage Current 
(VR = 25 Vdc) 
Series Inductance 
(f = 250 MHz, Lead Length ~ 1/16") 


Case Capacitance 
(f = 1.0 MHz, Lead Length = 1/16") 


Diode Capacitance Temperature Coefficient 
(VR = 4.0 Vdc, f = 1.0 MHz) 


Ст, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 
е Ма = 4.0 Мас, f = 1.0 MHz Vp = 4.0 Мас С2/Сзо 
Device f = 50 MHz 


MMBV-2101 
MMBV-2102 
MMBV-2103 
MMBV2104 


MMBV-2105 
MMBV-2106 
MMBV-2107 
MMBV-2108 
MMBV-2109 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBV3102 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Characteristic 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic | Symbol | Ма | тур | Мах | Unt | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) Vdc 
(IR = 10 Adc) 
Reverse Voltage Leakage Current pAdc 
(VR = 25 Мас) 
Series Inductance Ls 
(f = 250 MHz) 
Case Capacitance Cc 
(f = 1.0 MHz) 
Diode Capacitance Temperature Coefficient Tcc ppm^C 
(VR = 3.0 Vdc, f = 1.0 MHz) 
Figure of Merit 
(VR = 3.0 Vdc, f = 50 MHz) 
Diode Capacitance CT 
(VR = 3.0 Vdc, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBV3401 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating Symbol Value Unit 
Reverse Voltage VR 35 Vdc 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


Storage Temperature Tsta 
*Thermal Resistance Junction to Ambient АЈА 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SILICON PIN 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[| Characteristic | буть | Ма | Тур | Max | Uni | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) Vdc 
(IR = 10 џАдс) 

Reverse Voltage Leakage Current 0.1 иАдс 
(VR = 25 Vdc) 

Series Inductance H 
(f = 250 MHz) 

Series Resistance 0.7 
(Ip = 10 mAdc) 


Ls 

Case Capacitance Cc 
(f = 1.0 MHz) 

E 


Diode Capacitance © 
(VR = 20 Vdc, = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBZ5226 
thru 
MMBZ5257 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 


Derate above 25°C 


~ 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Vr = 0.9 V Max @ lp = 10 mA for all types. 


Test Zener Voltage Max Zener 
Current Vz Impedance 
а 17т 
Nominal a 


E 


œ 


= 
2 


со 
= 


со 
= 


557 | sm | 20 | зз | з | зо | во | ов | 231 | 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXR3866 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
x  Raing | Symbol | Value | Unit | 


Emitter-Base Voltage Уво 
Collector Current — Continuous lc 0.4 A 
"C 


Operating and Storage Junction Ty, Tstg —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


RF TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C Pp 
Derate above 25°C 


1.0 

8.0 
Storage Temperature Та 150 
*Thermal Resistance Junction to Ambient [CH "po БЫ °C/W 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Ma [| Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER V 
(с = 5.0 mA, ВВЕ = 10 0) 

Collector-Emitter Sustaining Voltage VCEO(sus) V 
(с = 5.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 0.1 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.5 V 
ЧЕ = 0.1 mA) 

Collector Cutoff Current ІСЕО - uA 
(УСЕ = 28 V) 

Collector Cutoff Current ІСЕХ — 100 pA 
(УСЕ = 55 V, УВЕ = 1.5 V) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.36 A, Vcg = 5.0 V) 


hFE 
5.0 
(Ic = 0.05 A, VcE = 5.0 V) 10 
Collector-Emitter Saturation Voltage VCE(sat) 1.0 V 
(Ic = 100 mA, Ів = 20 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, Vcg = 15 V, f = 200 MHz) 


Output Capacitance 
Мсв = 30 V, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXR5160 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 
a aa 
*Total Device Dissipation, Ta = 25°C 1.0 Watt PNP SILICON 


Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(С = 5.0 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 0.1 mA) 

Collector Cutoff Current ICBO 
(VcB = 28 V) 

Collector Cutoff Current ICES 
(УСЕ = 60 V) 

Emitter Cutoff Current 
(УСЕ = 28 V) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(с = 50 mA, Vcg = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 50 mA, Vcg = 15 V, f = 200 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXR5583 


CASE 345-01, STYLE 1 
SOT-89 


> 


HIGH FREQUENCY RF TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating “өте | vaie | Unit | 
Collector-Emitter Voltage VcEO NI ЖЫШ. э 
Collector-Base Voltage 


Meo |. ж owe | 
E 


VEBO 
Collector Current — | Collector Current — Continuous | 
Operating and Storage Junction Шъ сана Бигли to + x BH 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Мах | Unit | 


*Total Device Dissipation, TA = 25°C 1.0 Watt 
Derate above 25°C 8.0 EE 
*Thermal Resistance Junction to Ambient 1 MM] 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mA) 
Collector-Base Breakdown Voltage(1) 
(с = 10 uA) 
Emitter-Base Breakdown Voltage 
(IE = 100 uA) 
Collector Cutoff Current 
(Vcg = 20 V) 
Emitter Cutoff Current 
(ев = 2.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 40 mA, Vcg = 2.0 V) 


(Ic = 100 mA, Vcg = 2.0 V) 
(с = 300 mA, Vcg = 5.0 V) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mA, Ів = 10 mA) 
Base-Emitter On Voltage 
(с = 100 mA, Vcg = 2.0 V) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


10 V, f = 100 MHz) 
10 V, f = 100 MHz) 


(Ic = 40 mA, Vcg = 
(с = 100 mA, Vcg = 


Symbol 


V(BR)EBO 


ICBO 


VCE(sat) 


VBE(on) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MXR5943 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
Г жыры | 
Co — | моо | ® |v 
y 
V 
G 


Operating and Storage Junction TJ, Tstg —55 to +150 4 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | | Max | Unit | 
*Total Device Dissipation, TA = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Storage Temperature | Tag | 150 | “c | 

*Thermal Resistance Junction to Ambient | Raa | 75 | см | 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 QCmametrse — — — | Symbol | Ма | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(Ic = 5.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO V 
(IE = 100 uA) 

Collector Cutoff Current ІСЕО pA 
(VcE = 20 V) 


(Vcg = 15 V) 
ON CHARACTERISTICS 


DC Current Gain hrE 
(Ic = 50 mA, Vcg = 15 V) 

Collector-Emitter Saturation Voltage VCE(sat) V 
(ІС = 100 mA, Ів = 10 mA) 

Base-Emitter Saturation Voltage VBE(sat) V 
(С = 100 mA, Ів = 10 mA) 

SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 25 mA, Vcg = 15 V, f = 200 MHz) 


(С = 50 mA, Vcg = 15 V, f = 200 MHz) 
(С = 100 mA, Vcg = 15 V, f = 200 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXT3904 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


тє [я | ме | une | 


Collector-Base Voltge Мево | 6 | ма 
Emitter-Base Voltage VEBO EE E Vdc 


Collector Current — Continuous | mAdc | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C = 
Derate above 25°С МС 

Storage Temperature LEE 

*Thermal Resistance Junction to Ambient алшы RAE а 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3904 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


ЧЕ = 10 дАдс, Іс = 0) 


Base Cutoff Current 
(УСЕ = 30 Мас, Veg = 3.0 Vdc) 


Collector Cutoff Current 
(МСЕ = 30 Мас, Veg = 3.0 Мас) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(С = 0.1 mAdc, Vcg = 1.0 Мас) 
(с = 1.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 50 mAdc, Vcg = 1.0 Vdc) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Iç = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(іс = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 = Vcg = 20 Vdc, f = 100 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXT3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Output Admittance 


(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 uAdc, Vcg = 5.0 Мас, Rs = 1.0 k ohms, f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Rise Time ІС = 10 mAdc, въ = 1.0 mAdc) 


Storage Time (Vcc = 3.0 Vdc, lc = 10 mAdc, 
ІВ1 = !g2 = 1.0 mAdc) 


Fall Time 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXT3906 


CASE 345-01, STYLE 1 MAXIMUM RATINGS 
SOT-89 


| м =| Symbol | Value | Unit | 
[ conector Eminar voitage — | Мю | 4 | № | 
Collector-Base Voltage | Мсво | 49 [| ума | 
Emitter-Base Voltage | vgo | so | Vd | 
[collector Current — Continuous — | с | 2 | mage | 


THERMAL CHARACTERISTICS 


[Characteristic | Symbol | Мак | Unt | 

*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 8.0 пу ие 

| Storage Temperature — — | Teg | 10 | | 

| “Thermal Resistance Junction to Ambient | Røa | — 15 | СОМ | 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3905 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mm | Me | unt | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Мас 
(с = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Ic = 0) 


Base Cutoff Current 
(УСЕ = 30 Мас, Мве = 3.0 Мас) 


Collector Cutoff Current 
(МСЕ = 30 Мас, УВЕ = 3.0 Мас) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 
(с = 10 mAdc, МСЕ = 1.0 Мас) 
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 
(с = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 тАдс, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(С = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 

Output Capacitance Cobo pF 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 100 kHz) 

Input Capacitance Cibo pF 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Input Impedance 2.0 k ohms 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.1 x 10-4 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 

Small Signal Current Gain hfe 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXT3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Admittance 

(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Noise Figure 

(с = 100 „Adc, Vcg = 5.0 Мас, Rg = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 
SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE = 0.5 Vdc 


(ес = 3.0 Мас, Ic = 10 mAdc, 
Fall Time ІВ1 = ІВ2 = 1.0 mAdc) 


(1) Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXTA14 


CASE 345-01, STYLE 1 


SOT-89 MAXIMUM RATINGS 


Collector-Emitter Voltage | Vces | 


Emitter-Base Voltage 
Collector Current — Continuous 


DARLINGTON TRANSISTOR THERMAL CHARACTERISTICS 


NPN SILICON *Total Device Dissipation, TA = 25°C 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Мах | шй | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 30 
(с = 100 uA) 

Collector Cutoff Current ICBO "E 
(Vcg = 30) 


Emitter Cutoff Current 
(УВЕ = 10 V) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mA, Vcg = 5.0 V) 
(Ic = 100 mA, Vcg = 5.0 V) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 100 тА, в = 0.1 mA) 


Base-Emitter On Voltage VBE(on) 
(Ic = 100 mA, Vcg = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(УСЕ = 5.0 V, Ic = 10 mA, f = 100 MHz) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0 %. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-138 


MXTA27 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


DARLINGTON TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to MPSA25 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | өті | Ма | Me | Unt | 


we wp 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 uA) 
Collector-Base Breakdown Voltage 
(Ic = 100 uA) 
Collector Cutoff Current 
(Vcg = 50 V) 


Collector Cutoff Current 
(Vcg = 50 V) 


Emitter Cutoff Current 
(УВЕ = 10 V) 
ON CHARACTERISTICS 


DC Current-Gain 
(с = 10 mA, Vcg = 5.0 V) 
(Ic = 100 mA, Vcg = 5.0 V) 


Collector-Emitter Breakdown Voltage VCES 
(Ic = 100 mA, Ів = 0.1 А) 

Base-Emitter On Voltage VBE(on) 
(Ic = 100 mA, Vcg = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain — High Frequency 
(Ic = 10 mA, Vcg = 5.0 V, f = 100 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXTA42 
MXTA43 


MAXIMUM RATINGS 


| Rating _________ Symbol | MPSA42 | MPSA43 | Unit | 
| Collector-Emitter Voltage — | Мово | 300 | 200 | 
| Collector-Base Voltage | Vcgo | 30 | 


Emitter-Base Voltage VEBO 


CASE 345-01, STYLE 1 
SOT-89 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sym | min | We [Unit] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) MXTA42 
MXTA43 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 дАдс, Ip = 0) MXTA42 
MXTA43 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 200 Мас, ЈЕ = 0) MXTA42 
(Vcg = 160 Мас, lg = 0) MXTA43 
Emitter Cutoff Current 
(УВЕ = 6.0 Мас, Іс = 0) MXTA42 
(УВЕ = 4.0 Мас, Іс = 0) MXTA43 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) Both Types 25 
(Ic = 10 mAdc, Vcg = 10 Мас) Both Types 40 


(Ic = 30 mAdc, Vcg = 10 Мас) MXTA42 
MXTA43 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ів = 2.0 mAdc) MXTA42 
MXTA43 


Base-Emitter Saturation Voltage 
(с = 20 mAdc, Ig = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(VCB = 20 Мас, lg = 0, = 1.0 MHz) MXTA42 
MXTA43 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXTA44 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
| Rating | Symbol | 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage Усво | 50 | 
Emitter-Base Voltage VEBO [и 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic — | Symbol | Мак | 


*Total Device Dissipation, TA — 25*C 
Derate above 25°C 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to MPSA44 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO V 

(Ic = 1.0 mA, Ig = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES V 
(с = 100 дА, Уве = 0) 

Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 100 LA, Ів = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO V 
(Е = 10 pA, Ic = 0) 


ON CHARACTERISTICS 

DC Current Gain(1) 
(Ic = 1.0 mA, Vcg = 10) 
(Ic = 10 mA, Vcg = 10) 
(Ic = 50 mA, Vcg = 10) 
(Ic = 100 mA, Vcg = 10) 


45 
40 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 1.0 mA, lg = 0.1 mA) 0.4 
(Ic = 10 mA, Ів = 1.0 mA) 0.5 
(Ic = 50 mA, Ів = 5.0 mA) Š 
Base-Emitter Saturation Voltage VBE(sat) 0.75 V 
(с = 10 mA, Ів = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 20 V, lg = 0, f = 1.0 MHz) 


Current Gain — High Frequency 
(с = 10 mA, Vcg = 10 V, f = 10 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0 %. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXTA64 


CASE 345-01, STYLE 1 
SOT-89 


DARLINGTON TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


[Rag [Эти | Valve | „ли | 
Collector-Emitter Voltage VCES кескінін 
Collector-Base Voltage Усво | 30 | Vde 


Emitter-Base Voltage 


Collector Current — Continuous Et. 


THERMAL CHARACTERISTICS 


(77 — | Sma [| Me | әм | 


E < oe k: = si | ®^ Hr S 
8. 0 мм с 


Derate above 25°C 
| Жш. | чш: | EN 


Storage Temperature 


*Thermal Resistance Junction to Ambient ed MER el 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 uA) 

Collector Cutoff Current 
(Vcg = 30 Мас) 


Emitter Cutoff Current 
(Уве = 10 Уас) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mA, Vcg = 5.0 Vdc)(1) 
(с = 100 mA, Vcg = 5.0 Vdc)(1) 
Collector-Emitter Saturation Voltage 
(с = 100 mA, Ів = 0.1 mA)(1) 
Base-Emitter On Voltage 
(с = 100 mA, Vcg = 5.0 Vdc)(1) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
100 mA, f = 


(МСЕ = 5.0 Мас, Іс = 


100 MHz) 


V(BR)CES 


сво 


VCE(sat) 


VBE(on) 


(1) Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MXTA77 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


ша Төзе ] Vane ра | 
cwesoEmmevompe | Voss | о | v . 
| EmiterBese vonage — veso | w | v | 
[catesorcuen— comen — | ic | xe. | ma | 


C 
THERMAL CHARACTERISTICS DARLINGTON TRANSISTOR 


| Characteristic | Symbol | Мах | Unt | 

*Total Device Dissipation, TA = 25°C ЕЖЕ ЖЕ? 
Derate above 25°C 8.0 mW^C 

| Storage Temperature —  — | Teg | o | c | 

ETTDUUETUDITUOUNCUNNE RAE ШЕТШ 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ЕМ ЫП ҚЫЛ БОЗ 
(С = 100 uA) 

РН Ld И єк 
(с = 100 мА) 

емее со ш wj p | 
(Vcg = 50 V) 


Collector Cutoff Current 
(VcE = 50 V) 


Emitter Cutoff Current 
(УВЕ = 10 V) 


ON CHARACTERISTICS 

DC Current Gain 
(Ic = 10 mA, Vcg = 5.0 V) 
(с = 100 mA, Vcg = 5.0 V) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mA, Ів = 0.1 mA) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXTA92 
MXTA93 


CASE 345-01, STYLE 1 
SOT-89 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


Refer to MPSA92 for graphs. 


MAXIMUM RATINGS 
Collector-Emitter Voltage | МСЕО | 300 | 


Collector-Base Voltage | Усво | 300 | 


Emitter-Base Voltage 
Collector Current — Continuous lc 


THERMAL CHARACTERISTICS 


|. Characteristic — | Symbol | Max | 

*Total Device Dissipation, Ta = 25°C ВМ е: 
Derate above 25°C 8.0 

| Storage Temperature | Teg | — 150 | 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(с = 100 дАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Усв = 200 Мас, lg 
(VcB = 160 Мас, IE 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 


(с = 30 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ів = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(с = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Усв = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


V(BR)CEO 
MXTA92 


MXTA93 


V(BR)CBO 
MXTA92 


МХТАЭЗ 
V 


MXTA92 
MXTA93 


Both Types 
Both Types 


MXTA92 
MXTA93 


VCE(sat) 
MXTA92 


MXTA93 


MXTA92 
MXTA93 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


CASE 20-03 CASE 22-03 CASE 26-03 
TO-72 TO-18 TO-46 


CASE 27-02 CASE 79-02 
TO-52 TO-39 


Motorola’s metal-can transistor product offering includes: Metal 
general purpose, switching, high voltage, choppers, Darlingtons, H 
low noise amplifiers and RF amplifiers. Transistors 


A variety of package options are available: TO-18, TO-46, TO- 
52, TO-72, and TO-39. 

Many devices contained in this section are also available with 
high reliability MIL-S-19500 processing. JAN, JANTX, JANTXV, 
and JANS qualified devices are so noted on the following data 
sheets. 
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2N656 
2N657 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
| 
Сәіндегітіне vonsge | veo | 60 | № | ve | 
[csmcorse Vote | veo | @ | 
immerseevomge — | vo | № | 


Collector Current — Continuous 
2N656 


2N657 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N3498 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 250 „Adc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Acdc, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 250 „Adc, Ic = 0) 


Collector Cutoff Current 
(Усв = 30 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(с = 200 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(с = 200 mAdc, Ів = 40 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Input Impedance(1) k ohm 
(Ig = 8.0 mAdc, Vcg = 10 Vdc) 


(1) Pulse Test: Pulse Length = 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N697 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CER 
(Ic = 100 mAdc, ВВЕ = 10 ohms) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
ЧЕ = 100 „Adc, Іс = 0) 


Collector Cutoff Current 
(Усв = 30 Мас, ЈЕ = 0) 
(Vcg = 30 Мас, ЈЕ = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 150 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) 


Refer to 2N2218 for graphs. 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0) 


Small-Signal Current Gain 


(ІС = 50 mAdc, Vcg = 10 Мас, = 20 MHz) 
(1) Pulse Test: Pulse Length = 12 ms, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N699 


MAXIMUM RATINGS 


Value 


CASE 79, STYLE 1 


Collector-Emitter Voltage 


80 


TO-39 (TO-205AD) 


Collector-Base Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Temperature 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CER 
(с = 100 mAdc, ВВЕ = 10 ohms) 


Collector Cutoff Current 
(Vcg = 60 Мас, ЈЕ = 0) 
(Vcg = 60 Мас, lp = 0, TA = 150°C) 


Emitter Cutoff Current 
(VEB = 2.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ic = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage (1) 
(с = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage (1) 
(с = 150 mAdc, lg = 15 тАас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Impedance 
(с = 1.0 mAdc, Усв 
(Ic = 5.0 mAdc, Усв 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Усв 
(С = 5.0 mAdc, Усв 

Small Signal Current Gain 
(с = 1.0 mAdc, Усе 
(С = 5.0 mAdc, VCE 

Output Admittance 
(с = 1.0 mAdc, Усв 
(Ic = 5.0 mAdc, Усв 


(1) Pulse Test: Pulse Width 


VCE(sat) 


= 5.0 Мас, = 1.0 kHz) 
= 10 Мас, f = 1.0 kHz) 


5.0 Vdc, f = 1.0 kHz) 
10 Vdc, f = 1.0 КҺ2) 


5.0 Vdc, f — 1.0 kHz) 
10 Мас, f = 1.0 kHz) 


.0 Vdc, f — 1.0 kHz) 
0 Vdc, f — 1.0 kHz) 


300 us, Duty Cycle = 2.0%. 


Kiang 


MOTOROLA SEMICONDUCTORS 
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ТЈ, Тад | -65to +200 


120 


5.0 
0.6 
4.0 


Pp И 
13.3 


Мас 
иАдс 


120 


SMALL-SIGNAL DEVICES 


2N703 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic | Symb! | Ма | Typ | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 2.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 5.0 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Іс = 0) 

Collector Cutoff Current ІСЕО pAdc 
(УСЕ = 20 Мас, Ів = 0) 


Collector Cutoff Current 
(св = 10 Мас, ЈЕ = 0) 
(Усв = 10 Мас, lg = 0, ТД = +150°С) 


ON CHARACTERISTICS 


DC Current Gain(1) ПЕЕ 
(Ic = 10 mAdc, Мсе = 5.0 Мас) 
(с = 10 mAdc, МСЕ = 5.0 Мас, ТА = -55'C) 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(с = 10 mAdc, Ів = 0.5 mAdc) 
Base-Emitter On Voltage(1) 
(с = 10 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
ЧЕ = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0% 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Collector-Emitter Voltage 2N706A,B 
Collector-Emitter Voltage(1) 


2N706,A,B 


(2N706 JAN AVAILABLE) 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Collector Current 


Total Device Dissipation @ TA 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 100°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | Маа | Unit | 
Thermal Resistance, Junction to Case 


| w | "см | 
Thermal Resistance, Junction to Ambient °C/W 
2N706A,B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [sms | Wm | Wwe | um | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(С = 10 тАсс, Ig = 0) 
Collector-Emitter Breakdown Voltage(2) V(BR)CER 
(R = 10 ohms, Іс = 10 mAdc) 


Collector Cutoff Current 

(Vcg = 15 Мас, ЈЕ = 0) 

(Vcg = 15 Мас, ЈЕ = 0, TA = 150°C) 

(VcB = 25 Мас, ЈЕ = 0) 2N706A, 2N706B 
Collector Cutoff Current 

(УСЕ = 20 Vdc, ВВЕ = 100k) 2N706A, 2N706B 


Emitter Cutoff Current 
Мев = 3.0 Мас, Іс = 0) 2N706 
(Veg = 5.0 Мас, Іс = 0) 2N706A, 2N706B 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 10 mAdc, Vcg = 1.0 Vdc) 2N706 
2N706A, 2N706B 


Collector-Emitter Saturation Voltage(2) VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 2N706, 2N706A 
2N706B 
Base-Emitter Saturation Voltage(2) VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 2N706 — 
2N706A, 2N706B 0.7 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(МСЕ = 15 Мас, lg = 10 mAdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 5.0 Мас, lp = 0) 2N706A, 2N706B 


Refer to 2N2368 for graphs. 


(VCB = 10 Мас, ЈЕ = 0) 2N706 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(УСЕ = 15 Мас, lg = 10 mAdc, f = 100 Mhz) 2N706 
(МСЕ = 10 Мас, Іс = 10 mAdc, f = 100 MHz) 2N706A,B 
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2N706,A,B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 
Collector Base Time Constant 
(МСЕ = 15 Мас, lg = 10 mAdc, f = 300 MHz) 
Storage Time 2N706B 


Turn-On Time 
Ивъ = 3.0 mA, 182 = 1.0 mA) 

Turn-Off Time toff 75 
(ІВ1 = 3.0 mA, 182 = 1.0 mA) 


Charge Storage Time Constant(2) Ts 
2N706 
2N706A,B 


(1) Refers to collector breakdown voltage in the high current region when Rpe = 10 2 
(2) Pulse Test: Pulse Width = 12 из, Duty Cycle = 2.0%. 
(3) Switching Times Measured with Tektronix Type R Plug-In (50 О Internal Impedance). 


SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


Type R Sampling Resistor CR Vi тома 
200 POP : 


Type R Sampling бапа RS 
20n 


Vee = 3Vdc 


Усс = 10Vd 
(adjust (ог LOMA) се с 


Pulse Volts 2700 (adjust for 10тА) 


Pulse Volts 93800 
Internal Resistance 


Internal Resistance 


+V 2007 507 + ПУ 
A L ~ 21 | | ж Es 
жь LAN 
— 10% 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 
Rating 


2N708 


Collector-Emitter Voltage 
Collector-Emitter Voltage 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 
Derate above 100°C 


Operating and Storage Junction —65 to +200 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON THERMAL CHARACTERISTICS 
Characteristic Symbol Unit 


Thermal Resistance, Junction to Case = ee uem i 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | ма | Mex | Uni | 


Collector-Emitter Breakdown Voltage (Іс = 30 mAdc, АВЕ < 10 ohms) Veerus | 20 | — | vd | 
Collector-Emitter Sustaining Voltage (Ic = 30 mAdc, Ів = 0) VCEOlsus EE m 
Collector-Base Breakdown Voltage (lc = 1.0 џАдс, lg = 0) V(BR)CBO | 40 | 


ЧЕ = 10 uAdc, Іс = 0) 
Collector Cutoff Current (Vcg = 20 Мас, УВЕ = 0.25 Мас, TA = +125°C) 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) ІСВО pAdc 
(Vcg = 20 Vdc, IÇ = 0, Ta = 150°C) 


Refer to 2N2368 for graphs. 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 0.5 mAdc, Vcg = 1.0 Мас) 

(с = 10 mAdc, Vcg = 1.0 Vdc)(1) 

(Ic = 10 mAdc, Vcg = 1.0 Мас, ТА = – 55°С)(1) 
Collector-Emitter Saturation Voltage 

(Ic = 10 mAdc, lg = 1.0 mAdc) 

(С = 7.0 mAdc, lg = 0.7 mAdc, Ta = —55'C to + 125°C) 
Base-Emitter Saturation Voltage 

(Ic = 10 mAdc, lg = 1.0 mAdc) 

(Ic = 7.0 mAdc, lg = 0.7 mAdc, TA = —55'C) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, 100 kHz = f = 1.0 MHz) 


Extrinsic Base Resistance 
(с = 10 mAdc, Vcg = 10 Vdc, f = 300 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = !в1 = 182 = 10 mAdc) 


Turn-On Time 


iF 
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2N718 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Operating and Storage Junction 
Temperature Range 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic | Symb! | ма | Mex | Une | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VCER(sus) Мас 
(Ic = 100 mAdc, pulsed; Нв = 10 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
ЧЕ = 1.0 mA, Ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) 
(Усв = 30 Мас, lg = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(С = 150 mAdc, Ів = 15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ів = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, f = 100 kHz, Іс = 0) 


Input Capacitance 


(VBE = 0.5 V, = 100 kHz, Ic = 0) 


Small-Signal Current Gain 
(с = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N718A 
2N956, 2N1711 


2N718A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


2N718A 
Rating Symbol | 2N956 | 2N1711 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ Ta 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


25°C Pp 
GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


—65 to +200 


2N718A: See 2N3019 for graphs.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VCER(sus) 
(с = 100 mAdc, pulsed; ВВЕ = 10 ohms) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 60 Мас, ЈЕ = 0) 
(Vcg = 60 Мас, ЈЕ = 0, Ta = 150°C) 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 2N718A, 
2N956, 2N1711 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.01 mAdc, Vcg = 10 Мас) 2N956, 2N1711 


(с = 0.1 mAdc, Vcg = 10 Мас) 2N718A, 20 АА 


23956, 2М1711 


(Ic = 10 mAdc, Vcg = 10 Мас) 2N718A, 35 — 


2N956, 2N1711 


(lc = 10 mAdc, Vcg = 10 Мас, TA = —55'C) 2N718A, 20 Е 


2956, 2М1711 


(1С = 150 mAdc, Vcg = 10 Мас) 2N718A, 40 = 120 
2N956, 2N1711 


(с = 500 mAdc, Vcg = 10 Vdc) 2N718A, 
2N956, 2N1711 


Collector-Emitter Saturation Voltage(1) 


VCE(sat) 0.24 
(с = 150 mAdc, lg = 15 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
*2N956 and 2N1711: See 2N3019 for graphs. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N718A, 2N956, 2N1711 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteristic | Symbol | ма | тур | Mex | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 2N718A, 
2N956, 2N1711 


Output Capacitance 
(Мев = 10 Мас, 1Е = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Мас, Іс = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Усв = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


(Ic = 5.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 2N718A, 
2N956, 2N1711 


Output Admittance 
(с = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 300 „Adc, Vcg = 10 Мас, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N720A 


CASE 22, STYLE 1 MAXIMUM RATINGS 

| Rating [| Symbol | Value | Unt | 
| Collector-emitter Voltage | || Vceo | — 80 | № | 
| Collector-Emitter Voltage 1 Ув | 10 | № 


Collector-Base Voltage Усво V 


dc 
Emitter-Base Voltage VEBO Vdc 


TO-18 (TO-206AA) 


Total Device Dissipation (а TA = 25°C Pp 0.5 Watt 

Derate above 25°C 2.86 mW/°C 
Total Device Dissipation (a Tc = 25°C Pp 1.8 Watts 

Derate above 25°C 10.3 mW^C 


Operating and Storage Junction ТЈ, Tstg | —65 to +200 °C 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case 97 °C/W 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 100 mAdc, ВВЕ = 10 ohms) VCER(sus) 100 | — | ve | 
Collector-Emitter Sustaining Voltage(1) (lc = 30 mAdc, в = 0) VCEO(sus) 80 
= Мас 


Collector-Base Breakdown Voltage (Іс = 100 „Adc, ЈЕ = 0) V(BR)CBO 120 


Emitter-Base Breakdown Voltage (lg = 100 uAdc, Ic = 0) V(BR)EBO Vdc 
Collector Cutoff Current (Vcg = 90 Мас, ЈЕ = 0) 
(Vcg = 90 Мас, lg = 0, Ta = 150°C) 


Emitter Cutoff Current (УВЕ = 5.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 10 Мас) 
(с = 10 mAdc, Vcg = 10 Vdc)(1) 
(С = 10 mAdc, Vcg = 10 Мас, Ta = —55'C) 
(Ic = 150 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) (lc = 50 mAdc, Ів = 5.0 mAdc) : VCE(sat) 


(Ic = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage(1) (lc = 50 mAdc, Ів = 5.0 mAdc) 
(с = 150 mAdc, lg = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Іс = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) fT | s | 
Output Capacitance (Vcg = 10 Vdc, lg = 0, f = 100 kHz) бања | = | 
Input Capacitance (УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) | & | = | 


(lc = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(1С = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(С = 5.0 mAdc, VCE = 10 Мас, f = 1.0 kHz) 


(Ic = 1.0 тАдс, Vcg = 5.0 Мас, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


VBE(sat) 


Input Impedance 


ии 


Voltage Feedback Ratio 


Small-Signal Current Gain 


Output Admittance 


N H 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous Peak 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 


2N834 
2N835 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


[mao | wm | Me | щи | 


V(BR)CBO 


Emitter-Base Breakdown Voltage 
(IE = 100 дАдс, Іс = 0) 
Collector Cutoff Current 
(Усв = 20 Мас, ЈЕ = 0) 
(Vcg = 20 Мас, lg = 0, ТД = 150°C) 
Collector Cutoff Current 
(УСЕ = 30 Мас, МВЕ = 0) 
ON CHARACTERISTICS 


V(BR)EBO 


DC Current Gain(1) 
(С = 10 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 10 mAdc, Vcg = 15 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(Ic = 10 mAdc, ҮСЕ = 15 Мас, = 100 MHz) 


SWITCHING CHARACTERISTICS 


Charge-Storage Time Constant (Figure 2) 
(с = 10 mAdc, 1в1 = І2 = 10 mAdc) 


Turn-On Time (Figure 1) 


(с = 10 mAdc, ің = 3.0 mAdc, 182 = 1.0 mAdc) 


VCE(sat) 


Turn-Off Time (Figure 1) 
(Ic = 10 mAdc, |81 = 3.0 mAdc, Ів2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width = 12 ms, Duty Cycle = 2.0%. 
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MOTOROLA SEMICONDUCTORS 


2N869A MAXIMUM RATINGS 
2N4453 


JAN, JTX, JTXV 
AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


= 
Rating 2N869A | 2N4453 


Collector-Emitter Voltage VCEO 


Total Device Dissipation (а TA = 25°C 360 400 
Derate above 25°C 2.06 2.29 one 


Total Device Dissipation @ Tc = 25°C 
TC = 100°C 
Derate above 25°C 


Operating and Storage Junction —65 to +200 
Temperature Range 


2N4453 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 
JAN, JANTX 
AVAILABLE 


SWITCHING TRANSISTOR 
PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Рајс 146 97.5 °C/W 
Thermal Resistance, Junction to Ambient RJA 486 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Uni | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 18 Vdc 
(С = 10 mAdc, Ів = 0) 2N4453 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 10 рАас, УВЕ = 0) 2N869A, 2N4453 
Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 2N869A, 2N4453 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 
Collector Cutoff Current ІСВО pAdc 
(Vcg = 15 Мас, lg = 0, Ta = 150°C) 2N869A 


Collector Cutoff Current ICES 
(МСЕ = 15 Vdc, УВЕ = 0) 


Emitter Cutoff Current ЕВО 
(Veg = 4.5 Мас, Іс = 0) 2N4453 


OFF CHARACTERISTICS 


Base Current 2N869A Ig 10 
(УСЕ = 15 Мас, МВЕ = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 10 mAdc, VcE 
(Ic = 10 mAdc, УСЕ 


0.3 Vdc) 2N869A 
5.0 Vdc) 2N869A 


HN H 


(С = 30 mAdc, Vcg = 0.5 Vdc) 2N869A, 2N4453 


(С = 30 mAdc, VcE = 0.5 Мас, Ta = —55'C) 
(С = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 

(с = 10 mAdc, Ів = 1.0 mAdc) 2N869A 
(с = 30 mAdc, Ів = 1.5 mAdc) 2N4453 
(с = 30 mAdc, Ів = 3.0 mAdc) 2N869A 
(С = 100 mAdc, lg = 10 mAdc) 2N869A, 2N4453 


Base-Emitter Saturation Voltage 


2N869A, 2N4453 
2N869A, 2N4453 


uod 


Vdc 


йс = 10 mAdc, lg = 1.0 mAdc) 2М869А 
(1С = 30 mAdc, lg = 1.5 mAdc) 2N4453 
(1С = 30 mAdc, Ів = 3.0 mAdc) 2N869A 


(с = 100 mAdc, Ів = 10 mAdc) 2N869A, 2N4453 
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2N869A, 2N4453 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
ава O U |ы) ж | ње | | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1)(2) 
(С = 10 mAdc, Vcg = 15 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 5.0 Vdc, ЈЕ = 0, f = 140 kHz) 2N869A 


Input Capacitance 


(УВЕ = 0.5 Мас, Іс = 0, f = 150 kHz) 2N869A 


Collector-Base Capacitance 
(Усв = 5.0 Мас, lg = 0, f = 1.0 MHz) 2N4453 


Emitter-Base Capacitance 
(УВЕ = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2М4453 


SWITCHING CHARACTERISTICS 


Усс = 2.0 Мас, 2N869A 
ІС = 30 mAdc, 2N4453 
а ІНІ = 1.5 тАас УСС = 90 Ус , 45; 


Turn-Off Time lc = 30 mAdc, 2.0 Vdc 2N869A 

Въ = 182 = T 2N4453 
Storage Time 15 mAdc 3.0 Vdc 2М4453 
Ға!! Тіте 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 1.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — CAPACITANCE 


LEBEN. 
ӘЛІП а 
КӨШІН! 


ӨШ! НИЕ 
20 А ЊУ 
Ші иши | 


C, CAPACITANCE (pF) 
w 
e 


1.0 
0.3 05 07 10 20 30 50 70 10 20 30 
VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 2 — DC CURRENT GAIN FIGURE 3 — "ON" VOLTAGES 


hee, DC CURRENT GAIN 
V, VOLTAGE (VOLTS) 


20 30 50 70 10 20 30 50 70 100 200 0 30 50 70 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N869A, 2N4453 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — TURN-ON TIME 
= 2000 
= ҮСЕ = 15V 
= Vcc-2.0v 4H 
= ic/lg = = Ja (See Note 3) 
506 
о 
& 10001 —1—] = =. ШІ 
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a 
= по га | МУ ПЕ 
= ПЕ 
5 E === < === 
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Е mam 
5 š d @ VBE(off) = 3.0 ы 
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5 
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E 770 20 30 5.0 7.0 10 20 30 50 70 100 1.0 20 30 50 70 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
FIGURE 6 — TURN-OFF TIME FIGURE 7 — SWITCHING TIME 
TEST CIRCUIT 
1СЛВ = 10 
181 = 182 “вв “ес 

Vin 

Zin = 502 

tr < 1.0 ns 


Pulse Width = 200 ns 
Duty Cycle < 1.0%. 


, TIME (ns) 


t 


0.1 uF To Sampling Scope 
Zin = 100 КО 


tp < 1.0 ns 
100 


је: COLLECTOR CURRENT (mA) 


FIGURE 8 — SWITCHING TEST CIRCUIT VALUES 


2N869A 


2N4453 


2N869A 


toft, ts, tf 


2N4453 


(3) 1СЛВ = 10. Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2 © Ic = 30 mA to the 
typical values in the Electrical Characteristics table 9 1С/1в = 20. 

(4) Ів !g27 3.0 тА © Ic/lIg = 10 
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MAXIMUM RATINGS 


2N910 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Collector-Emitter Voltage 
(RBE = 10 Ohms) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Raa | 35 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | Mex | unit | 


Collector-Emitter Breakdown Voltage (ІС = 100 mAdc, Вв = 10 ohms)(1) VcERsu) | 80 | — | ve | 
Collector-Emitter Sustaining Voltage (lc = 30 mAdc, Ів = 0)(1) МСЕО виз 


Collector-Base Breakdown Voltage (Іс = 100 pAdc, ЈЕ = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (lg = 100 џАдс, Ic = 0) V(BR)EBO 


Refer to 2N3019 for graphs. 


OFF CHARACTERISTICS 


pAdc 


Collector Cutoff Current (Vcg = 75 Мас, ЈЕ = 0) ІСВО 
(VcB = 75 Мас, lg = 0, Ta = 150°C) 


Emitter Cutoff Current (УВЕ = 5.0 Мас, Ic = 0) | __Ево | 


ПЕЕ 35 
75 
VBE(sat) 0.8 Vdc 
(Ic 0.9 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (с = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 
| | Cobo | 


Output Capacitance (Vcg = 10 Мас, lg = 0, f = 100 kHz) Cobo WIIIII 
Input Capacitance (Уве = 0.5 Мас, Ic = 0, f = 100 kHz) | 8 | 
1800 


30 
| e | 
ү =— 
Lo i 
Input Impedance (с = 5.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) h | — | 
30 
EMEN 
mr 
ме | 76 | 
a 


ON CHARACTERISTICS 


(с = 0.1 mAdc, Vcg = 10 Мас) 
(Ic = 10 мАас, Vcg = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Мас, TA = -55'C) 


Collector-Emitter Saturation Voltage (lc = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 


10 mAdc, lg = 1.0 mAdc) 
50 mAdc, lg = 5.0 mAdc) 


DC Current Gain 


ин 


Base-Emitter Saturation Voltage (lc 


Input Impedance (Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 

(Ic = 5.0 mAdc, Усв = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) БЕГЕН 

Small-Signal Current Gain (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 76 
b 


Output Admittance (Ic = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) БЕСТЕН 
(С = 1.0 mAdc, Vcg = 5.0 Vde, f — 1.0 kHz) 


(с = 5.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure (lc = 0.3 mAdc, Vcg = 10 Vdc, Rg = 510 ohms, 
f = 1.0 kHz, BW = 200 Hz) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle = 2.0%. 


тво 


Output Admittance 


ШЕТТЕН 
БЕГЕН 
БЕГЕН 
£ 
a 
БЕРЕ 
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2N914 


JAN, JTX AVAILABLE MAXIMUM RATINGS 


CASE 22, STYLE 1 [ м (эше | Value | Umi 
TO-18 (TO-206AA) Collector-Emitter Voltage Vdc 


Collector-Emitter Voltage VCER 20 Vdc 
(RBE « 10 ohms) | 


Collector-Base Voltage VCBO 40 Vdc 


Emitter-Base Voltage VEBO 5.0 Vdc 
Collector Current — Continuous(1) Ic 150 mAdc 


Total Device Dissipation @ Ta = 25°C Pp 360 mW 
Derate above 25°C 2.06 mW/^C 
Total Device Dissipation @ Tc = 25°C Pp 12 Watts 
SWITCHING TRANSISTOR Derate above 25°C 6.8 mW/^/C 
NPN SILICON Total Device Dissipation @ Tc = 100°C 0.68 Watt 
Derate above 100°C 


Operating and Storage Junction ТЈ, Таја | -65% +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Mm | мә | Un | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Іс = 30 mAdc, RgE « 10 ohms) VCER(sus) uu ee | 

Collector-Emitter Sustaining Voltage(2) (с = 30 mAdc, Ів = 0) VCEO(sus) CX HEADS | 

Collector-Base Breakdown Voltage (lc = 1.0 Adc, ЈЕ = 0) V(BR)CBO | 4 | => Ре | 
с 


Emitter-Base Breakdown Voltage (lg = 10 uAdc, lc = 0) V(BR)EBO е бо" АЈ UN 
Collector Cutoff Current (Vcg = 20 Vdc, МВЕ = 0.25 Vdc, Ta = 125°C) x | — | 1 | Ме | 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) ICBO pAdc 
(Vcg = 20 Мас, lg = 0, TA = 150°C) 


ON CHARACTERISTICS 
DC Current Gain(2) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 10 mAdc, Vcg = 1.0 Vdc, Ta = —55°C) 
(Ic = 500 mAdc, МСЕ = 5.0 Мас) 
Collector-Emitter Saturation Voltage(2) VCE(sat) 
(Ic = 200 mAdc, lg = 20 mAdc) 
(Ic = 10 mAdc, lg = 1.0 thru 20 mAdc, TA = —55 to + 125°С) 
Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance Cobo = 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance Cibo 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time(3) 
(с = въ = 1в2 = 20 тАас) 


Turn-On Time(3) 


Refer to 2N2368 for graphs. 


(с = 200 mAdc, въ = 40 mAdc, Ів2 = 20 mAdc) 


Turn-Off Time(3) 
(Ic = 200 mAdc, въ = 40 mAdc, IB2 = 20 mAdc) 


(1) Limited by Power Dissipation. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(3) Measured on Sampling Scope: Pulse Width = 200 ns. 
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2N915 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Temperature TJ, Tstg —65 to +200 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Charter: | Symbo | м | Me | Unt | 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3946 for graphs. 


OFF CHARACTERISTICS 


ІІ 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(Ic = 10 mA Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 70 Vdc 
(Ic = 100 z А ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 LA, Ic = 0) 
Collector Cutoff Current ІСВО pA 
(Vcg = 60 V, Ig = 0) 
Collector Cutoff Current IcBO pA 
(Vcg = 60 V, lg = 0) — 0.010 
(Усв = 60 V, ЈЕ = 0, TA = +150°C) — 30 
ON CHARACTERISTICS 
DC Current Gain hFE 
(Ic = 10 mA Vcg = 5.0 V) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mA Ів = 1.0 mA 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 10 mA Ів = 1.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance Cobo 
(Е = 0 Vcg = 10 V, f = 100 kHz) 
Emitter Transition Capacitance CTE pF 
(Ic = 0 Veg = 0.5 V, = 100 kHz) 
Input Impedance i 
(Ic = 1.0 mA МСЕ 
(с = 5.0 mA МСЕ 
High Frequency Current Gain f = 100 MHz 
(Ic = 10 mA Vcg = 15 V) 
Small-Signal Current Gain f — 1 kHz 
(Ic = 1.0 mA Vcg = 5.0 V) 
(с = 5.0 mA Vcg = 5.0 V) 
Output Admittance 
(Ic = 1.0 mA Vcg = 5.0 V) 
(Ic = 5.0 mA Vcg = 5.0 V) 
Collector Base Time Constant 
(Ic = 10 mA, Vcg = 10 V, f = 40 mHz) 
(1) Pulse Test: PW = 300 us, Duty Cycle = 1.0%. 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N916 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage УСЕО ШЕГЕ 
Collector-Base Voltage Усво EE LI 


Emitter-Base Voltage VEBO 


Total Device Dissipation (v TA — 25'C Pp 0.36 
Derate above 25°C 2.06 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N3946 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Ма | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) (с = 30 mA, Ів = 0) EE инш NE 
Collector-Base Breakdown Voltage (lc = 10 uA, lg = 0) 
CoO C NEENEENESNE CONT NES 


Collector Cutoff Current @ 150°C cn = 30 V, ЈЕ = (сво 


ON CHARACTERISTICS 


DC Current Gain(1) ПЕЕ 
(Ic = 10 mA, УСЕ 


(с = 10 mA, МСЕ 


Collector-Emitter Saturation Voltage VCE(sat) = 
(Ic = 10 mA, Ів = 1.0 mA) 

Base-Emitter Saturation Voltage VBE(sat) ж 
(Ic = 10 mA, Ів = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 5.0 V, lg = 0) 
Input Capacitance 
Мев = 0.5 V, Ic = 0) 


Input Impedance, f — 1.0 kHz 
(Ic = 1.0 mA, УСЕ = 5.0 V) 
(с = 5.0 mA, Vcg = 5.0 V) 


Small-Signal Current Gain, f — 1.0 kHz 


1.0 V) 


II 


50 
15 


(Ic = 1.0 mA, Усе = 5.0 V) 
(с = 5.0 mA, Vcg = 5.0 V) 


Magnitude of Forward Circuit Transfer Ratio, Common-Emitter 
(Ic = 10 mA, Vcg = 15 V) 
Output Admittance, f 


(Ic = 1.0 mA, Усе 
(С = 5.0 mA, МСЕ 


Collector Base Time Constant 
(Ic = 10 mA, Vcg = 10 V, = 40 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 1.0%. 
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2N918 


JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Total Device Dissipation (а TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(Ic = 3.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Ic = 0) 


Collector Cutoff Current 


(Vcg = 15 Мас, ЈЕ = 0) 
(Усв = 15 Мас, |с = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 3.0 mAdc, Vcg = 1.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, lg = 0, f = 140 kHz) 
(VcB = 0, lg = 0, f = 140 kHz) 


Noise Figure 
(с = 1.0 mAdc, Vcg = 6.0 Vdc, Rg = 400 Ohms, f = 60 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Vcg = 12 Мас, Ic = 6.0 mAdc, f = 200 MHz) 


Power Output 


(Усв = 15 Мас, Ic = 8.0 mAdc, f = 500 MHz) 


Collector Efficiency 
(Vcg = 15 Мас, Ic = 8.0 mAdc, f = 500 MHz) 


(1) f is defined as the frequency at which |hrfe| extrapolates to unity. 
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2N930,A 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2481 for graphs. 


MAXIMUM RATINGS 


Collector-Base Voltage 
Emitter-Base Voltage 


Total Device Dissipation @ TA 
Derate above 25°C 


Total Device Dissipation (v Tc 
Derate above 25°C 


Operating and Storage Temperature 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


25°C 


2N930 | 2N930A 


Collector-Emitter Voltage VCEO 45 
45 


Усво 
VEBO 


5.0 
Collector Current 3 mAdc 
0 


ІС 
Рр Ë 
3.33 


—65to + 175 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 „Adc, Ic = 0) 


2N930A 


2N930 
2N930A 


Collector Cutoff Current 
(МСЕ = 5.0 Мас, Ів = 0) 


Collector Cutoff Current 
(Усв = 45 Vdc, lg = 0) 


Collector Cutoff Current 
(МСЕ = 45 Vdc, УВЕ = 0) 


(МСЕ = 45 Мас, VBE = 0, Ta = 170°C) 


2N930 
2N930A 


2N930 
2N930A 


2N930 
2N930A 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 дАдс, Vcg = 5.0 Мас) 


(Ic = 10 рАас, Vcg = 5.0 Мас) 


(Ic = 500 uAdc, Vcg = 5.0 Мас) 


(ic = 10 mAdc, Vcg = 5.0 Мас) (1) 


(С = 10 џАдс, VcE = 5.0 Мас, TA = —55'C) 


2N930 
2N930A 


2N930A 


2N930 
2N930A 


V(BR)CEO 


ІСВО 


100 


2М930 
2N930A 


2N930 
2N930A 


2N930 
2N930A 


6.0 Vdc 
0 
5 


w 


MATES Eo 


V(BR)EBO 


Vdc 
Vdc 
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SMALL-SIGNAL DEVICES 


2N930,A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


[ м | Sm | Mm | We | un | 


Collector-Emitter Saturation Voltage (1) VCE(sat) 
(с = 10 mAdc, Ів = 0.5 mAdc) = 


Base-Emitter Saturation Voltage (1) VBE(sat) 
(Ic = 10 mAdc, Ів = 0.5 mAdc) 0.7 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 „Adc, Vcg = 5.0 Мас, = 30 MHz) 2N930 
2N930A 


Output Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Input Impedance 
(IE = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
ЧЕ = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N930 
2N930A 


Output Admittance 
(IE = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 10 uAdc, Vcg = 5.0 Vdc, 
Rs = 10 k ohms, f = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


2N956 For Specifications, See 2N718A Data. 
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2N1132,A 


JAN AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Emitter Voltage 
(АВЕ = 10 Ohms) 


Collector-Base Voltage 


2N1132 |2М1132А 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation (v TA = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 100°C 
2N1132A 


и 


Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 10 mA) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(Е = 100 џАдс, Ic = 0) 
ПЕ = 1.0 mA, Ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, Ip 
(Vcg = 50 Мас, Ip 
(Vcg = 30 Мас, IE 
(Vcg = 45 Мас, IE 
(Усв = 45 Мас, Ig 


0, Ta = 150°C) 
0) 
0, Ta = 150°C) 


" wow w и 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Ic = 0) 
(VBE = 2.0 Мас, lc = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 
(Iç = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ів = 15 mAdc) 


Base-Emitter Saturation Voltage 
(С = 150 mAdc, Ів = 15 mAdc) 


MOTOROLA SEMICONDUCTORS 


2N1132A 
2N1132 


2N1132, 
2N1132A 


2N1132, 
2N1132A 


2N1132 
2N1132 
2N1132 
2N1132A 
2N1132A 


2N1132A 
2N1132 


ES 4121) 
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SMALL-SIGNAL DEVICES 


2N1132,A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


[Characteristic | 5уто | Mi | Mex | Unt | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, | 
(Vcg = 10 Мас, | 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic у 2N1132, 
(УВЕ = 0.5 Мас, Іс j 2N1132A 


Input Impedance 
(Ic = 1.0 mAdc, VcB 
(С = 5.0 mAdc, Усв 


Voltage Feedback Ratio 
(Ic = 5.0 mAdc, VcE 
(Ic = 5.0 mAdc, УСЕ 
Small-Signal Current Gain 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N1132, 
2N1132A 


2N1132, 
2N1132A 


E 
E 


5.0 Vdc, f — 1.0 kHz 
10 Vdc, f — 1.0 kHz 


ии 


5.0 Мас, f = 1.0 kHz) 
10 Мас, f = 1.0 kHz) 


ШЕН! 


2М1132, 
2М1132А 


(с = 5.0 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 2N1132A | Em. | 
Turn-Off Time 2N1132A БЕГЕН 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


HN H 


FIGURE1 SWITCHING TIMES TEST CIRCUIT 


Увв Усс 
4715, -15V 


Scope 
о 
-7.5 V || 
PW = 150 ns 
tr <2.0 ns 
Duty Cycle < 2.0% 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N1613 


MAXIMUM RATINGS 


Rating Symbol | Value | Unit | 


Collector-Emitter Voltage 
(АВЕ = 10 Ohms) 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (а Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON THERMAL CHARACTERISTICS 


Characteristic Symbol Max | Unit | 
Thermal Resistance, Junction to Case RaJC | Баз | "cw | 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Тур | Мах | unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Іс = 100 mAdc, ВВЕ = 10 Ohms) VCER(sus) 
— 
Emitter-Base Breakdown Voltage (Е = 100 „Adc, Іс = 0) V(BR)EBO 
Collector Cutoff Current (Vcg = 60 Мас, ЈЕ = 0) 
(Vcg = 60 Мас, lp = 0, Ta = 150°C) 
Emitter Cutoff Current (Veg = 5.0 Мас, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain (Ic = 100 „Адс, Vcg = 10 Мас) 
(с = 10 mAdc, Vcg = 10 Мас) 


(С = 10 mAdc, Vcg = 10 Мас, Ta = —55'C) 
(Ic = 150 mAdc, Vcg = 10 Мас) 


(Ic = 500 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage (с = 150 mAdc, Ів = 15 тАас) VCE(sat 
Base-Emitter Saturation Voltage (lc = 150 mAdc, lg = 15 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) tr 60 — — 


(с = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance (Усв = 10 Vdc, lg = 0, f = 100 kHz) | бы | — | ле | s | s | 
| so | во | pr | 


Input Capacitance (МЕВ = 0.5 Мас, lc = 0, f = 100 kHz) Cibo — 
Input Impedance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) hib 24 34 
(Ic = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 4.0 8.0 
Voltage Feedback Ratio (Ic = 1.0 mAdc, VcB = 5.0 Мас, f = 1.0 kHz) : 
(lc = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) — 3.0 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) hfe 30 100 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 35 150 
Output Admittance (lc = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) hob 0.05 штћоз 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 0.05 


Noise Figure (lc = 0.3 mAdc, УСЕ = 10 Vdc, Аб = 510 Ohms, f = 1.0 kHz, NF — 12 
Bandwidth = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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2N171 1 For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


2N1893 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Emitter-Base Voltage 


Collector Current — Continuous ЕЗГЕ NE 


Total Device Dissipation @ Ta = 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
ТЈ, Tstg | —65 to +200 
Characteristic 


Thermal Resistance, Junction to Case Вејс 
Thermal Resistance, Junction to Ambient R8JA [- sm | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3019 for graphs. 


|2 Chaaeerstio | Symb! | Ма | Me | џ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Іс = 100 mAdc, ВВЕ = 10 ohms) VCER(sus) | 10 | -—. | Vd | 
| Collector-Emitter Sustaining Voltage() (с = 30 mAde. ла = O) | Мсвовио | % | — | vc | 
| Collector-Base Breakdown Voltage (с = 100 А ip - 0 | Мввсво | 120 | — | Vide 
= мас 


Collector Cutoff Current (Vcg = 90 Мас, ЈЕ = 0) ІСВО 

(Vcg = 90 Мас, Іс = 0, TA = 150°C) 
Emitter Cutoff Current (УВЕ = 5.0 Мас, Іс = 0) ЕВО [> — | 
ON CHARACTERISTICS 


DC Current Gain(1) (lc = 0.1 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, УСЕ = 10 Vdc) - 
(Ic = 10 mAdc, Vcg = 10 Мас, ТА = —55'C) 


(с = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage (lc = 50 mAdc, lg = 5.0 mAdc) 
(с = 150 mAdc, Ів = 15 mAdc) 


Base-Emitter Saturation Voltage (Іс = 50 mAdc, lg = 5.0 mAdc) VBE(sat) 
(с = 150 mAdc, lg = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (Іс = 50 mAdc, Vcg = 10 Мас, = 20 MHz) 
Output Capacitance (Vcg = 10 Vdc, lg = 0, 100 kHz = f = 1.0 MHz) 

Input Capacitance (Уве = 0.5 Vdc, Іс = 0, 100 kHz = f = 1.0 MHz) 


Input Impedance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


= 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current бат (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Output Admittance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 


Voltage Feedback Ratio (Ic 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


[Golecortmiter Voge, ве = 10 Ohms] Veen | 
Гсоесог- Вава Маце | veso | 


2№2102 


CASE 79-02, STYLE 1 
ТО-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C Pp 1.0 Watt 
Derate above 25°C 5.71 г МИР С 

Total Device Dissipation (v Tc = 25°C Pp 5.0 
Derate above 25°C 28.6 


Operating and Storage Junction TJ, Tstg | -65to +200 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


(Characteristic | зуші | мы | 
Thermal Resistance, Junction to Case | Rac | 35 | w | 
Thermal Resistance, Junction to Ambient | RaJA(1) 


Refer to 2N3019 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Ма | Тур | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Іс = 100 mAdc, АВЕ = 10 ohms) VCER(sus) | 44 | ~ | = | yas] 
Collector-Emitter Sustaining Voltage(2) (Іс = 100 mAdc, lg = 0) Усен | € | — |- — | ~ | 


Collector-Emitter Breakdown Voltage (lc = 100 „Адс, Veg = 1.5 Мас) V(BR)CEX Vdc 
Collector-Base Breakdown Voltage (lc = 100 дАдс, lg = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 100 џАдс, Ic = 0) V(BR)EBO 7.0 


Emitter Cutoff Current (Уве = 5.0 Мас, lc = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 10 Мас) 


(С = 10 mAdc, Vcg = 10 Мас) 
(с = 10 mAdc, Vcg = 10 Мас, TA = -55'C) 


Collector Cutoff Current (Vcg = 60 Мас, ЈЕ = 0) ІСВО 
(с = 150 mAdc, Vcg = 10 Vdc)(2) 
(Ic = 500 mAdc, Vcg = 10 Vdc)(2) 


(Vcg = 60 Мас, lg = 0, TA = 150°C) 
ПЕЕ 20 
35 
20 
40 
25 
(Ic = 1.0 Adc, Vcg = 10 Мас)(2) 


10 
Collector-Emitter Saturation Voltage (с = 150 mAdc, Ів = 15 mAdc) VCE(sat) | — | os | os | ve | 
Base-Emitter Saturation Voltage (lc = 150 mAdc, lg = 15 mAdc) VBE(sat) | — | oss | м | ve | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 50 mAdc, Vcg = 10 Мас, 
f = 20 MHz) 


Output Capacitance (Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance (Уве = 0.5 Мас, lc = 0, f = 100 kHz) 


Input Impedance (lc = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) 


Output Admittance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure (Іс = 300 uAdc, Vcg = 10 Мас, Rs = 1.0 k Ohm, 
f — 1.0 kHz, Bandwidth — 1.0 Hz) 


SWITCHING CHARACTERISTICS 


| Switching Time — —  —— — 5 —  —  —  — i arrr) — | - | з | = | 


(1) RgJA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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2N2193A 


CASE 79, STYLE 1 


MAXIMUM RATINGS 
TO-39 (TO-205AD) 


Collector Current — Continuous | dc | 
Total Device Dissipation @ Ta = 25°C EM 


Derate above 25°C 


Total Device Dissipation (v Tc = 25°C Watts 
Derate above 25°C mW^/C 
Total Device Dissipation mW^C 
@ 100°C Case 1.6 
Derate above 100°C 16 
Operating and Storage Junction TJ, Tstg — 65 to +200 °G 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo! | Ма | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vdc 
(с = 25 mA, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 дАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 60 Мас, ЈЕ = 0) 
(VCB = 60 Мас, ЈЕ = 0, Ta = 150°C) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3019 for graphs. 


Emitter Cutoff Current 
(ев = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 0.1 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Vdc, Ta = —55°C) 
(Ic = 150 mAdc, Vcg = 10 Vdc)(1) 
(Ic = 150 mAdc, Vcg = 1.0 Мас)(1) 
(С = 500 mAdc, VCE = 10 Vdc)(1) 

(с = 1.0 Adc, Vcg = 10 Vdc)(1) 


20 
15 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 150 mAdc, lg = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 1.3 Vdc 
(Ic = 150 mAdc, Ів = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 50 mA, Vcg = 10 V, f = 20 MHz) 


SWITCHING CHARACTERISTICS 


ae ee TE OMEN Ж [ж NT L | 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating Symbol 


Collector-Emitter Voltage VCEO 


2N2218,A/2N2219,A 
2N2221,A/2N2222,A 
2N5581/82 


JAN, JTX, JTXV AVAILABLE 


2N2218,A 
2N2219,A 
CASE 79-02 
TO-39 (TO-205AD) STYLE 1 


2N2218A 
2N2219A 
2N2221A 


2N2218 


2N5581 
2N5582 | Unit 


2N2221,A 
2N2222,A 


2N5581 
2N5582 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


2N2221,A 

2N2222,A 
CASE 22-03 

TO-18 (TO-206AA) STYLE 1 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


2N5581 
2N5582 
CASE 26-03 
TO-46 (TO-206AB) STYLE 1 


GENERAL PURPOSE TRANSISTOR 
NPN SILICON 


Operating and Storage Junction —65 to +200 


Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 10 тАсс, Ів = 0) Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 „Adc, ЈЕ = 0) Non-A Suffix 

A-Suffix, 2N5581, 2N5582 

Emitter-Base Breakdown Voltage У(ВВ)ЕВО 
ЧЕ = 10 „Adc, Ic = 0) Non-A Suffix 

A-Suffix, 2N5581, 2N5582 


Collector Cutoff Current 
(УСЕ = 60 Мас, Уев(он) = 3.0 Мас) A-Suffix, 2N5581, 2N5582 


Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) Non-A Suffix 
(Vcg = 60 Мас, ЈЕ = 0) A-Suffix, 2N5581, 2N5582 
(Vcg = 50 Мас, lg = 0, Ta = 150°C) Non-A Suffix 
(VCB = 60 Мас, lp = 0, Ta = 150°C) A-Suffix, 2N5581, 2N5582 


Emitter Cutoff Current 

(УЕВ = 3.0 Мас, Ic = 0) A-Suffix, 2N5581, 2N5582 
Base Cutoff Current 

(УСЕ = 60 Vdc, VEB(off) = 3.0 Мас) A-Suffix 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, УСЕ 10 Vdc) 2N2218,A, 2N2221,A, 2N5581(1) 
2N2219,A, 2N2222,A, 2N5582(1) 


(Ic = 1.0 mAdc, Vcg = 10 Мас) 2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 


(Іс = 10 mAdc, Vcg = 10 Мас) 2N2218,A, 2N2221,A, 2N5581(1) 
2N2219,A, 2N2222,A, 2N5582(1) 


10 mAdc, Vcg = 10 Мас, TA = – 55°С) 2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


150 mAdc, Vcg = 10 Vdc)(1) 2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 
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2N2218/19/21/22, A SERIES, 2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


150 mAdc, Vcg = 1.0 Мас)(1) 


500 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, IB = 15 mAdc) 


(Ic = 500 mAdc, Ів = 50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(С = 150 mAdc, lg = 15 mAdc) 


(Ic = 500 mAdc, lg = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance(3) 

(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance(3) 

Мев = 0.5 Мас, Іс = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


(Ic = 10 mAdc, Vcg = 10 Мас, = 1.0 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, УСЕ = 10 Мас, f = 1.0 kHz) 


(с = 10 mAdc, МСЕ = 10 Мас, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 


(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 20 mAdc, Vcg = 20 Vdc, f = 31.8 MHz) 


Noise Figure 
(Ic = 100 Adc, Vcg = 10 Мас, 
Rs = 1.0 kohm, f = 1.0 kHz) 
Real Part of Common-Emitter 


High Frequency Input Impedance 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 300 MHz) 


2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 


2N2218, 2N2221 
2N2219, 2N2222 
2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


VCE(sat) 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


VBE(sat) 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


All Types, Except 
2N2219A, 2N2222A, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


A-Suffix 


2N2219A, 2N2222A 


2N2218A, 2N2219A 
2N2221A, 2N2222A 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hfe| extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Ccb and Cep for these conditions and values. 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


(Усс = 30 Мас, VBE(off) = 0.5 Мас, 
ІС = 150 mAdc, ІВ1 = 15 mAdc) 
(Figure 14) 


(Vcc = 30 Мас, Ic = 150 тАас, 


lg1 = 182 = 15 mAdc) 


Fall Time (Figure15) 


Active Region Time Constant 
(Iç = 150 mAdc, Vcg = 30 Vdc) (See Figure 14 for 2N2218A, 2N2219A, 
2N2221A, 2N2222A) 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR CHARACTERISTICS IN SATURATION REGION 
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This graph shows the effect of base current on collector current. Во 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and 8, (forced gain) is the ratio of lc Ли in a circuit. 


EXAMPLE: For type 2N2219, estimate a base current (lw) to insure 
saturation at a temperature of 25*C and a collector current of 


Observe that at Ic = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h @ 1 volt is approximately 0.62 of hy, @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, Во = 62 and substituting values in the overdrive equation, 


62 


2.5 = 1507/1, 


26.0 тА 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


FIGURE 3 — "ON" VOLTAGES 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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This group of graphs illustrates the relationship between hfe and other “Һ” parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 


on each graph. 


FIGURE 5 — INPUT IMPEDANCE 
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FIGURE 7 — CURRENT GAIN 
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hre, VOLTAGE FEEDBACK RATIO (X 10-4) 


пое, OUTPUT ADMITTANCE (то) 


FIGURE 6 — VOLTAGE FEEDBACK RATIO 
% ee 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 8 — OUTPUT ADMITTANCE 
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SWITCHING TIME CHARACTERISTICS 


FIGURE 9 — TURN-ON TIME 
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FIGURE 11 — TURN-OFF BEHAVIOR 
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SMALL-SIGNAL DEVICES 


2N2218,A/2N2219,A/2N2221 ,A/2N2222, A/2N5581/82 


FIGURE 13 — STORAGE TIME AND FALL 


FIGURE 12 — DELAY AND RISE TIME 
TIME EQUIVALENT TEST CIRCUIT 


EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns DUTY CYCLE = 2.0% 430 У 
PW < 200 ns 100 
DUTY CYCLE = 2.0% е Е ТИЕ 
< 5.0 пѕ 200 
+16.2 V 


9.9 V 
0 al 0.5 V 
, OSCILLOSCOPE 


SCOPE 


-- Rin 100 к ohms Rin > 100 k ohms 
Cin < 12 pF — Cin < 12 pF 
RISE TIME < 5.0 ns = 500 из RISE TIME < 5.0 ns 
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MAXIMUM RATINGS 


Symbol | Value | Unit | 


Collector-Emitter Voltage VCEO 


2N2270 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


45 
Collector-Emitter Voltage, АВЕ = 10 Ohms| — VCER 60 
60 


Collector-Base Voltage Усво 


Emitter-Base Voltage VEBO 7.0 


Collector Current — Continuous 1.0 


Total Device Dissipation (а TA = 25°C 
Derate above 25°C 


Total Device Dissipation (а Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


—65 to +200 


AMPLIFIER TRANSISTOR 
тек ERACON THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


АЈА) 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Іс = 100 mAdc, ВВЕ = 10 Ohms) V(BR)CER 
Collector-Emitter Sustaining Voltage(2) (Іс = 100 mAdc, Ів = 0) VCEO(sus) 
Collector-Base Breakdown Voltage (lc = 0.05 uAdc, lg = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 0.1 mAdc, Іс = 0) 


Collector Cutoff Current (Vcg = 60 Мас, lp = 
(Vcg = 60 Мас, lg 


Emitter Cutoff Current (УВЕ = 5.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 
(Ic = 150 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 


(УВЕ = 0.5 Мас, lc = 0, f = 100 kHz) 


Small-Signal Current Gain 
(с = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
Noise Figure 
(с = 0.3 mAdc, Vcg = 10 Мас, Rs = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 
SWITCHING CHARACTERISTICS 


Total Switching Time опа | — | — | 3 | v | 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
Rating 


2N2297 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 5.0 
Derate above 25°C 28.6 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Lead Temperature, 1/16” from Case 
for 10 seconds 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | тур | Mex | Umi | 


зы] = |= [== 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(2) 
(с = 30 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(с = 100 „Adc, IE = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 60 Мас, lg = 0) 
(Усв = 60 Мас, lp = 0, TA = + 150°С) 


u | 


ON CHARACTERISTICS(2) 
DC Current Gain 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(Ic = 150 mAdc, Vcg = 10 Мас) 
(Ic = 1.0 Adc, Мсе = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ів = 15 mAdc) 


VCE(sat) Vdc 
(Ic = 1.0 Аас, Ів = 100 mAdc) — 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 1.0 Аас, Ів = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(УЕВ = 0.5 Мас, Ic = 0, f = 100 kHz) 


Collector Base Time Constant 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 4.0 MHz) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N2368 
2N2369,A 
2N3227 


2N2369A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, УВЕ = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 10 „A, ҮЕ = 0) 


Collector-Emitter Sustaining Voltage(1) 
(Ic = 10 тАдс, lg = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 „A, Ів = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 „Adc, lg = 0) 


Collector Cutoff Current 
(ҮСЕ = 20 Мас, УВЕ = 3.0 Мас) 


MAXIMUM RATINGS 


Rating Symbol Value Unit 
Collector-Emitter Voltage 
2N2368,9,A 
2N3227 
Collector-Emitter Voltage VCES | йы... Vde 
Emitter-Base Voltage 
2N2368,9,A 
2N3227 
Collector Current ІС(Реак) 
(10 usec pulse) 
Collector Current — Continuous Ic 200. mA 
2N2369A, 
2N3227 
Total Device Dissipation Pp 
@ TA = 25°C 0.36 Watt 
Derate above 25°C 2.06 mW^C 
Total Device Dissipation Pp 
@ Tc = 25°C 1.2 Watts 
Derate above 25°C 2N3227 6.85 mW^C 
Total Device Dissipation Pp 
@ Tc = 100°C .68 Watts 
Derate above 100*C 6.85 mW^C 
Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 
| Symbol | Ме | мах | Unit 


V(BR)CEO 


2N3227 
V(BR)CES 


VCEO(sus) 
2N2368, 2N2369, 2N2369A 


2N2368, 2N2369, 2N2369A 4.5 — 
2N3227 6.0 


2N3227 


Collector Cutoff Current 
(Vcg = 20 Мас, ЈЕ = 0) 


(VcB = 20 Мас, !Е = 0, Ta = 150°C) 


Collector Cutoff Current 
(УСЕ = 20 Vdc, МВЕ = 0) 
Base Current 

(УСЕ = 20 Мас, УвЕ = 0) 


ICBO 
2N2368, 2N2369 = 


2N3227 = 0.2 


2N2368, 2N2369, 2N2369A — 30 
2N3227 


2N2369A 


2N2369A 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 


(Ic = 10 mAdc, Vcg = 1.0 Мас, Ta = —55'C) 


10 mAdc, Vcg = 0.35 Мас, Ta = —55'C) 
30 mAdc, Vcg = 0.4 Vdc) 


(Ic 


MOTOROLA SEMICONDUCTORS 


2N2368 
2N2369 
2N2369A 
2N3227 


2N2368 
2N2369 
2N3227 


2N2369A 
2N2369A 


SMALL-SIGNAL DEVICES 
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2N2368, 2N2369,A, 2N3227 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ETE 
Characteristic 


(С = 100 mAdc, Vcg = 1.0 Мас} 2N2369A 
2N3227 

(Ic = 100 mAdc, Vcg = 2.0 Мас) 2N2368 
2N2369 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 тАас) 2N2368, 2N2369, 2N3227 
2N2369A 
(с = 10 mAdc, IB = 1.0 mAdc, Ta = +125°C) | 2М2369А 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 2N2369A 
(С = 100 mAdc, Ів = 10 mAdc) 2N2369A 
2N3227 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 10 mAdc, Ів = 1.0 тАдс) All Types 
(Ic = 10 mAdc, lg = 1.0 mAdc, TA 2N2369A 
(с = 10 mAdc, Ів = 1.0 mAdc, ТА 2N2369A 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 2М2369А 


(с = 100 mAdc, Ів = 10 mAdc) 2N2369A 
2N3227 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N2368 
2N2369, 2N2369A, 2N3227 


Output Capacitance 

(Vcg = 5.0 Мас, lg = 0, f = 140 kHz) All Types 
Input Capacitance 

(УВЕ = 1.0 Мас, Іс = 0, = 140 kHz) 2N3227 


SWITCHING CHARACTERISTICS 


Y (Мсс = 10 V, Vgg = 2.0 Мас, — 


Storage Time 
(Ic = въ = 10 mAdc, Ів2 = — 10 mAdc) 2N2368 
(Ic = 100 mAdc, въ = 182 = 10 mAdc, Усс = 10 V) 2N2369A 
2N3227 


Fall Time 

(Усс = 10 V, Ic = 100 mA, въ = !g2 = 10 mA) 2N3227 
Turn-On Time 

(Ic = 10 mAdc, Ig1 | ў —1.5 mA, Vcc = 3.0 Мас) All Types 


Turn-Off Time 
(Ic = 10 mAdc, въ = 3.0 mA, 182 = - 1.5 mA, Vcc = 3.0 Мас) 2N2368 
2N2369, 
2N2369A, 


Total Control Charge 
(Ic = 10 mA, lg = 1.0 mA, Vcc = 3.0 V) 2N3227 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 


FIGURE 1 —t,, CIRCUIT — 10 mA FIGURE 3 — tos CIRCUIT — 10 mA 
posr— h ре id 
f — 
—1.5 V -- 
n r` 
ry а Er Cs "< 4pf 
PULSE WIDTH (ti) = 300 ns PULSE WIDTH (t:)= 300 ns = 
«DUTY CYCLE = 2% DUTY CYCLE = 2% = 
FIGURE 2 — ta CIRCUIT — 100 mA FIGURE 4 — t, CIRCUIT — 100 mA 


Е t = 
+ 10.8 ¥—— 10V 950 


2v 2 === = 
ЖЕ. 275 ATS a 
ES < ins __ ја и _ | б<12р 


PULSE WIDTH (t:) BETWEEN 10 АМО 500 us 


P H(t) = 
ULSE WIDTH ( 300 ns DUTY CYCLE = 2% = = 


DUTY CYCLE = 2% 


* Total shunt Capacitance of test jig and connectors. 


FIGURE 5 — TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 


TURN-ON WAVEFORMS 


2202 0.1 uF 
TO OSCILLOSCOPE 
INPUT IMPEDANCE = 500 
RISE TIME = 1 ns 


TURN-OFF WAVEFORMS 


PULSE GENERATOR 
Vin RISE TIME < 1 ns 
SOURCE IMPEDANCE = 502 
PW = 300 ns 


DUTY CYCLE < 2% уй = 


tow >] ү = —15V 


FIGURE 6 — JUNCTION CAPACITANCE VARIATIONS FIGURE 7 — TYPICAL SWITCHING TIMES 
— LIMIT 
— — TYPICAL 

T, = 25°C 
š š 
E = 
= = 
3 5 
5 

0.1 0.2 0.5 1.0 2.0 5.0 10 1 2 5 10 20 50 100 
REVERSE BIAS (VOLTS) 1с, COLLECTOR CURRENT (mA) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N2368, 2N2369,A, 2N3227 


FIGURE 8 — MAXIMUM CHARGE DATA 


FIGURE 9 — QrT TEST CIRCUIT 


3v 
45V = а 
. 10 pf max 
AV 


0 
< 1 пѕес 


VALUES REFER TO 
lc = 10 mA TEST POINT 


CHARGE (pC) 


PULSE WIDTH (ti). — 5 usec 
DUTY CYCLE = 2% = 


lc, COLLECTOR CURRENT (mA) 


FIGURE 10 — TURN-OFF WAVE FORM FIGURE 11 — STORAGE TIME EQUIVALENT TEST CIRCUIT 


10V 


+ 
—- 


^ 


Tarip 


C—a Corr 


PULSE WIDTH (Е) = 300 nsec + 
DUTY CYCLE = 2% = 


FIGURE 12 — MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


Усе, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


la, BASE CURRENT (mA) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2368, 2N2369,A, 2N3227 


FIGURE 13 — MINIMUM CURRENT GAIN CHARACTERISTICS 


hee, MINIMUM DC CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 14 — SATURATION VOLTAGE LIMITS FIGURE 15 — TYPICAL TEMPERATURE COEFFICIENTS 


— ——— | (2590 T0 12590) + 
- Б-Ғ--(-55%СТ0 +25°0) 


APPROXIMATE DEVIATION 
FROM NOMINAL 


—55°C TO +25°C 25°C TO 125°C 
+0.15 mV/*C =0.15 ту/20 
с 


=04 ту С (—55°C TO +25°C) 


COEFFICIENT (mV/°C) 


° 
с 


— 
for Уеа 


Ура, УАТУКА ПОЛ VULIAGE (VOLTS) 


= 


1 2 5 10 20 50 100 270771020 30 40 50 60 70 80 90 100 
1с, COLLECTOR CURRENT (mA) lc COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating | Symbol | 


Temperature Range 


Collector-Emitter Voltage VCEO 15 Vdc 
Collector-Base Voltage VCBO 40 
Emitter-Base Voltage VEBO 5.0 
Total Device Dissipation (а TA = 25°C Pp 0.36 
Derate above 25°C 2.06 
Total Device Dissipation @ Tc = 25°C Pp 12 
Derate above 25°C 6.9 
Operating and Storage Junction Ty, Tstg —65 to +200 


Unit 


Vde 
Vdc 


Watt 
mW^C 
Watts 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 30 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 1.0 дАдс, УВЕ = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(ҮСЕ = 20 Vdc, УВЕ 
(МСЕ = 20 Мас, VBE 


Emitter Cutoff Current 
(Veg = 4.0 Мас, Іс = 0) 


Base Cutoff Current 
(УСЕ = 20 Vdc, УВЕ = 3.0 Мас) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VCE 


3.0 Vdc) 
3.0 Vdc, Ta = 150°C) 


1.0 Мас) 


(Ic 
(Ic 
(Ic 


10 mAdc, VcE = 
10 mAdc, Vcg = 1.0 Мас, TA = —55'C)(1) 
150 mAdc, Vcg = 1.0 Vdc)(1) 


Collector-Emitter Saturation Voltage 


(Ic 
(Ic 


10 mAdc, lg — 1.0 mAdc) 
100 mAdc, lg = 10 mAdc)(1) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 5.0 V, Ic = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(МСЕ = 10 V, Ic = 10 mA, f = 100 MHz) 


Real Part of Input Impedance 
(Ic = 10 mA, Vcg = 10 V, f = 250 MHz) 


SMALL-SIGNAL DEVICES 
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2N2481 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


V(BR)CBO 
V(BR)EBO 5.0 per Vdc 


ICEX pAdc 
— 0.05 
— 15 


MOTOROLA SEMICONDUCTORS 


2N2481 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max Unit 


SWITCHING CHARACTERISTICS 


Storage Time 
(с = 10 mA, въ = 10 mA, 182 = 10 mA) 


Turn-On Time 
(с = 100 mA, ІВ1 = 10 мА, VBE(off) = 2-0 V) 


(с = 10 mA, въ = 1.0 mA, VBE(off) = 2.0 V) 


Turn-Off Time 
(с = 100 mA, въ = 10 тА, 182 = 5.0 mA) 
(с = 10 тА, въ = 1.0 mA, Ig2 = 0.5 mA) 


(1) Pulse Width = 300 us, Duty Cycle = 2.0%. 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


Усе, MAXIMUM COLLECTOR-EMITTER VOLTAGE (Vdc) 


lg, BASE CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


= 
= 
= 
= 
= 
4 
ee 
aay | елен ПРВЕ] мн ман ша 6] А ПБ 
БЕГЕ ЕБ ӘРЛІ swan sssi iphu Қы шіл мі фен ШЇ 
10 20 30 5.0 70 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) 
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2N2481 


LIMITS OF SATURATION VOLTAGES TYPICAL TEMPERATURE COEFFICIENTS 
ТШІГТІ ІІШІГІ) ПАДЕ 
| HE LL ETT „ == 
g и š pf ff tt esez 
е 12 = 
= = 
жаамат! шкы» || || š 
5 || Š (25°C to 125°C) 
= = 
= е 
E Š (-55*C to 25°C) 
= Š 
г SRE 
10 20 30 5070 10 20 30 50 70 100 200 ^0 20 40 60 80 10 10 М0 160 180 200 
lc, COLLECTOR CURRENT (mA) їс. COLLECTOR CURRENT (mA) 
TYPICAL SWITCHING CHARACTERISTICS 
TURN-ON TIME VARIATIONS WITH VOLTAGE RISE TIME BEHAVIOR 
500 — assesses TE. 
мој УУ А АРАДАЦ. rca 1 
- ІШ” Е 
— a = <= шы == === ua 
51 LI пь ч KRESS š 
„ “ср m 
Е L. t. Усс = 10 Vdc = 
= » MTM NN | 2 
= t,@Vcc =3 Vdc zd a и 46 
a ылы | 
50 м радва ооа Пу т 527 
ЕЕ 
20 mammal! 50 
10 20 30 5070 10 20 30 50 70 100 200 10 20 30 5070 10 20 30 50 70 100 20 
1с, COLLECTOR CURRENT (mA) lc, COLLECTOR CURRENT (mA) 
STORAGE TIME BEHAVIOR FALL TIME BEHAVIOR 
50 ТГ не НЕЕ ВЕ 
ЕЕ === Vec = 10 Vdc 
à =a a —— 1, = 25°C 
teoj || x РРР — — т = 125° 
- aa 
2 == i 
Ë а 100 EE ма 
ы Е 
= = 50 
E ШІ j 
= ши!!! 3 
Б = ува 20 
n 
Б ИШ ШЇ ШИЕ БЕШ НЕП OMNI! наш и 
50 SE POE ШІ 1. 50 
10 20 30 5070 10 20 30 50 70 MO 200 10 2030 50 70 10 20 30 50 70 100 200 
їс, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (mA) 
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2N2481 
JUNCTION CAPACITANCE VARIATIONS MAXIMUM CHARGE DATA 


CAPACITANCE ( pF) 
Q, CHARGE (pC) 


20 
18 20 30 50 70 10 20 30 50 70 100 200 
lc, COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


2N2484 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient | RgJA(1) 
TL 


Lead Temperature 
1/16" from Case for 10 Seconds 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA — 25°C unless otherwise noted.) Rafar Но z 2481 Tor graphs. 


x Characteristie | бул: | Min | Typ | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Іс = 10 mAdc, Ів = 0) V(BR)CEO | e | — | — | ve | 
Collector-Base Breakdown Voltage (Іс = 10 „Adc, lg = 0) V(BR)CBO | $9 | = | = | Vdc 


Emitter-Base Breakdown Voltage (lg = 10 дАдс, Ic = 0) V(BR)EBO | во | — | = | Мас 


Collector Cutoff Current (Vcg = 45 Мас, ЈЕ = 0) ІСВО |- | = ЕЕЕ i 
dc 


(Усв = 45 Мас, lg = 0, TA = 150°C) 
(УВЕ = 5.0 Мас, Ic = 0) 


Emitter Cutoff Current 


ON CHARACTERISTICS 


DC Current Gain (Іс = 1.0 дАдс, Vcg = 5.0 Мас) 
(Ic = 10 џАдс, Vcg = 5.0 Мас) 
(Ic = 10 uAdc, Vcg = 5.0 Мас, Ta = 55°C) 
(Ic = 100 „Adc, Vcg = 5.0 Мас) 
(Ic = 500 „Adc, Vcg = 5.0 Мас) — 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) — 


10 mAdc, Vcg = 5.0 Vdc)(1) 


- 800 
Collector-Emitter Saturation Voltage (ІС = 1.0 mAdc, Ip = 0.1 mAdc) VcEsa) | — | 025 | 035 | Мас | 
Base-Emitter On Voltage (Ic = 0.1 mAdc, Vcg = 5.0 Мас) Мве(оп) | 05 | ов | 07 | мас | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 0.05 mAdc, Vcg = 5.0 Vde, f = 
5.0 MHz) 
(с = 0.5 mAdc, Vcg = 5.0 Мас, f = 30 
MHz) 


Output Capacitance (Vcg = 5.0 Vdc, lg = 0, f = 140 kHz) 
Input Capacitance (Уве = 0.5 Мас, Ic = 0, f = 140 kHz) 


Input Impedance (Ic = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) 
Voltage Feedback Ratio (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
Small-Signal Current Gain (Іс = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz 


Output Admittance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure (lc = 10 дАдс, МСЕ = 5.0 Мас, Rs = 10 КО, 
f = 100 Hz, BW = 20 Hz) 
(Ic = 10 „Adc, Vcg = 5.0 Мас, Rg = 10 КО, 
f = 1.0 kHz, BW = 200 Hz) 
(Ic = 10 uAdc, Vcg = 5.0 Мас, Rs = 10 КО, 
f = 10 kHz, BW = 2.0 kHz) 
(Ic = 10 џАдс, Vcg = 5.0 Мас, Rg = 10 КО, 
f = 10 Hz to 15.7 kHz, BW = 15.7 kHz) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N2501 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 30 mAdc, Ів = 0, Pulsed) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 џАдс, Ic = 0) 
Collector Cutoff Current ІСЕХ — 25 nAdc 
(Vcg = 20 Мас, УВЕ = 3.0 Vdc) 
Base Cutoff Current IBL nAdc 
(Усе = 20 Мас, МВЕ = 3.0 Мас) — 0.025 


(УСЕ = 20 Мас, VBE = 3.0 Мас, ТА = 
ON CHARACTERISTICS 


DC Current Gain hFE = 
(Ic = 100 pAdc, Vcg = 1.0 Мас) 20 = 
(с = 1.0 mAdc, Vcg = 1.0 Мас) 30 — 
(с = 10 mAdc, Vcg = 1.0 Мас) 50 150 
(Ic = 10 mAdc, Vcg = 1.0 Мас, TA = -55°С) 20 — 
(С = 50 mAdc, Vcg = 1.0 Мас) 40 — 
(с = 100 mAdc, Vcg = 1.0 Мас) 30 — 
(С = 500 mAdc, Vcg = 5.0 Мас) 10 = 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) — 0.2 
(ІС = 50 mAdc, lg = 5.0 mAdc) — 0.3 


(Ic = 100 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) — 1.0 
(Ic = 100 mAdc, lg = 10 mAdc) => 1.2 


VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(МСЕ = 20 Мас, Іс = 10 mAdc, f = 100 MHz) 


Output Capacitance 

(Vcg = 10 Мас, lg = 0, f = 100 kHz) 
Input Capacitance Cibo 
(УЕв = 0.5 Мас, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain hfe 35 
(УСЕ = 20 Мас, Ic = 10 mAdc, f = 100 MHz) 
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2N2501 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol | Ма | Mex | Unt | 


SWITCHING CHARACTERISTICS 
Charge Storage Time Constant TS 15 
(Ic = 181 = ІВ2 = 10 mAdc) 
Total Control Charge о; рс 
(с = 10 mAdc, lg = 1.0 mAdc) 
Active Region Time Constant TA 
(Ic = 10 mAdc) 


(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%. 


COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


leri 10 
Ty = 2596 
| т Sa резки зе 111 
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ls, BASE CURRENT (mAdc) 


Ус, COLLECTOR VOLTAGE (VOLTS) 
o 
> 


BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT TEMPERATURE COEFFICIENTS 


ль = 2510 
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== I" ii 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


TEMPERATURE CO-EFFICIENT (m V/9?C) 


1с, COLLECTOR CURRENT (mAdc) | lc, COLLECTOR CURRENT (mAdc) 
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2N2501 


ACTIVE REGION TIME CONSTANT 


т, ACTIVE REGION TIME CONSTANT (ns) 


1.0 10 
le, COLLECTOR CURRENT (mAdc) 


RISE TIME FACTOR 


R,RISE TIME FACTOR (NORMALIZED t,/ Т.В, 


‚, BASE LEAKAGE CURRENT (,Adc) 


COMMON EMITTER DC 
LEAKAGE CHARACTERISTICS 
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SMALL-SIGNAL DEVICES 


2N2539 


CASE 22, STYLE 1 
TO-18 


MAXIMUM RATINGS 
Rating 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (lc = 100 mAdc, pulsed, Ів = 0) V(BR)CEO | s | — | ve | 


Collector-Emitter Breakdown Voltage (lc = 100 mAdc, pulsed, ВВЕ = 10 0) V(BR)CER 


Collector-Base Breakdown Voltage (lc = 10 „Adc, ЈЕ = 0) V(BR)CBO | — | № | 


Emitter-Base Breakdown Voltage (Е = 10 „Adc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Уве = 0.2 Мас, Vcg = 20 Vdc) 


Collector Cutoff Current (Vcg = 40 Мас, ЈЕ = 0) 
(Vcg = 40 Мас, Іс = 0, Ta = 150°C) 


Emitter Cutoff Current (Veg = 3.0 Мас, Ic = 0) 


0.2 Мас, Vcg = 20 Мас) 
0.2 Мас, Усе = 20 Мас, Ta = 150°C) 


Base Cutoff Current (УВЕ 
(VBE 
ON CHARACTERISTICS(1) 


DC Forward Current бат (Іс = 1.0 mAdc, Vcg = 10 Vdc) 2N2539 
(Ic = 10 mAdc, VcE = 10 Vdc) 2N2539 
(Ic = 150 mAdc, Vcg = 10 Мас)(1) 2N2539 
(с = 500 mAdc, Vcg = 10 Vdc)(1) 2N2539 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance (Veg = 0.5 Мас, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain (Vcg = 20 Vdc, lc = 20 mAdc, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


1 TID 
|в 
La IM 
| = ЫЛ ЗЕ 
— ges P 
CAR 


Turn-On Time (въ = 182 = 15 mAdc, Ic = 150 mAdc, 
Vcc = 7.0 Мас, RL = 40 0) 

Turn-Off Time (въ = ІВ2 = 15 mAdc, Ic = 150 mAdc, 

Vcc = 7.0 Vdc, RL = 40 0) 


Total Control Charge 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N2605 


JAN, JTX AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 
Rating Symbol 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage VcBO 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N3962 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Ши | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) Ic = 10 mA (Pulse) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 10 дА) V(BR)CBO 


Emitter-Base Breakdown Voltage (lg = 10 дА) V(BR)EBO 


Collector Cutoff Current (Vcg = 45 V) ICBO 


Base-Emitter Short Circuit Current (Vcg = 45 V) ICES 
(УСЕ = 45 V, Ta = 170°C) 


Emitter Cutoff Current (Уве = 5.0 V) ЕВО 
ON CHARACTERISTICS 


DC Current Gain(1) (Vcg = 5.0 V, Іс = 10 дА) 
(УСЕ = 5.0 V, Іс = 500 uA) = 
(УСЕ = 5.0 V, lc = 10 mA) 
(Vcg = 5.0 V, Ic = 10 pA, ТА = —55°C) 

Collector-Emitter Saturation Voltage (Іс = 10 mA, Ів = 500 uA) VCE(sat) — 


Base-Emitter Saturation Voltage (lc = 10 mA, Ів = 500 мА) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcg = 5.0 V, lg = 0, f = 1.0 MHz) Cobo | = | se | 
Input Impedance (Vcg = 5.0 V, Ic = 1.0 mA, f = 100 MHz) | в | — | sx | п | 


VBE(sat) 


Voltage Feedback Ratio (Vcg = 5.0 V, Ip = 1.0 mA, f = 1.0 kHz) bh | — | 1 | 104 | 


Small-Signal Current Gain (Vcg = 5.0 V, lg = 1.0 mA, f = 1.0 kHz) 


hfe 150 
1.0 


(Vcg = 5.0 V, Ic = 500 uA, f = 30 MHz) 
D WeB: НУ Rub taii | ho | — [| 1 | ¿mo | 


Noise Figure(2) = 10 КО, BW = 15.7 kHz) 


(Vcg = 5.0 V, Іс = 10 uA, R 


(1) Pulse Width < 300 psec, Duty Cycle = 2.0%. 
(2) Measured in amplifier with response down 3 db at 10 Hz. 


[= jJ а | e | 
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2N2800 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


SWITCHING TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 2 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 


Collector-Emitter Breakdown Voltage VCEO(sus) Vdc 
(Ic = 100 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 џАдс, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 uAdc, Ic = 0) 

Collector Cutoff Current ICEX 
(Усе = 25 Vdc, УВЕ = 0.5 Vdc Off) 

Base Cutoff Current IBL 
(УСЕ = 25 “ас, УВЕ = 0.5 Мас Off) 

ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Мас) 
(С = 150 mAdc, Vcg = 10 Vdc)(1) 
(Ic = 150 mAdc, Vcg = 1.0 Vdc)(1) 
(с = 500 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 150 mAdc, Ів = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 150 mAdc, lg = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


еле 0 —— Е T * | = тн 
(mus  — —. — — — — —  ]—& 15] = [^M | 


[Sp Time |1 | ü | == | m | 
ryu м | за | » moss 


Fall Time 
(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


OFF CHARACTERISTICS 
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2N2894 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage(1) 


Emitter-Base Voltage 
Collector Current — Continuous 


SWITCHING TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N869A for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Стене Sys | min | Mak | Une | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


(Ic = 10 pAdc, Мве = 0) 
Collector-Emitter Sustaining Voltage(2) (Іс = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage (Ic = 10 „Adc, lg = 0) V(BR)CBO | ae eee | 


Emitter-Base Breakdown Voltage (lg = 100 „Adc, Ic = 0) V(BR)EBO 4.0 - 
Collector Cutoff Current (Vcg = 6.0 Мас lp = 0, Ta = 125°C) кво | — | 10 | mat 


Collector Cutoff Current (Vcg = 6.0 Vdc, УВЕ = 0) ICES — | % | 
Base Current (Vcg = 6.0 Vdc, УВЕ = 0) в 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 10 mAdc, Vcg = 0.3 Vdc) 

(с = 30 mAdc, Vcg = 0.5 Мас) 

(Ic = 30 mAdc, МСЕ = 0.5 Мас, ТА = —55°C) 
(с = 100 mAdc, Vcg = 1.0 Vdc)(2) 
Collector-Emitter Saturation Voltage(2) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc) 
Base-Emitter Saturation Voltage(2) 
(с = 10 mAdc, lg = 1.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc) 
(с = 100 mAdc, lg = 10 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance ë 
(Мев = 5.0 Мас, lg = 0, f = 140 kHz) 
Input Capacitance 
(УВЕ = —0.5 Vdc, Ic = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 
(Vcc = 2.0 Мас, ҮЕ = 3.0 Мас, Іс = 30 mAdc, 1в1 = 1.5 mAdc) 


oil 


VCE(sat) 


VBE(sat) 


Turn-Off Time 
(Vcc = 2.0 Мас, Ic = 30 mAdc, въ = Ів2 = 1.5 mAdc) 


(1) Applicable from 0.01 to 10 mAdc. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N2895 
2N2896 
2N2897 


MAXIMUM RATINGS 


| Rating — [Symbol | 2N2895 | 2N2896 | 2N2897 | Unit | 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 
Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 100 mAdc, ВВЕ = 10 ohms) 2N2895 
2N2896 
2N2897 


Collector-Emitter Sustaining Voltage(1) 
(с = 100 mAdc, Ig = 0) 2N2895 
2N2896 
2N2897 


Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, Ip = 0) 2N2895 
2N2896 
2N2897 


Emitter-Base Breakdown Voltage 
(IE = 0.1 тАдс, Іс = 0) 


Collector Cutoff Current 
(Усв = 60 Мас, Ic = 0) 2N2895 
2N2896 
2N2897 


(VcB = 60 Мас, ЈЕ = 0, Ta = +150°С) 2N2895 
2N2897 


(Vcg = 90 Мас, ЈЕ = 0) 2N2896 
(Vcg = 90 Vdc, lp = 0, TA = +150°C) 2N2896 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 2N2895 
2N2896 
2N2897 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 Adc, Vcg = 10 Мас) 2N2895 
(Ic = 100 Adc, Vcg = 10 Мас) 2N2895 
(Ic = 1.0 тАдс, Vcg = 10 Мас) 2N2896, 2N2897 
(с = 10 mAdc, Vcg = 10 Мас) 2N2895 
(Ic = 10 mAdc, Мсе = 10 Мас, TA = —55'C) 2N2895, 2N2896 


(с = 150 mAdc, Vcg = 10 Vdc)(1) 2N2895 
2N2896 
2N2897 


(с = 500 тАас, Vcg = 10 Vdc)(1) 2N2895 
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2N2895, 2N2896, 2N2897 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Collector-Emitter Saturation Voltage(1) 
(с = 150 mAdc, Ів = 15 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, Ів = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 100 kHz) 


Small-Signal Current Gain 
(с = 5.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure 
(с = 0.3 mAdc, Vcg = 10 Мас, Rg = 500 ohms, 
f = 1.0 kHz, BW = 15 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 1.8% 


2N2895, 2N2896 
2N2897 


2N2895, 2N2896 
2N2897 


2N2895, 2N2896 
2N2897 


2N2895 
2N2896, 2N2897 


2N2895 


Symbol Min 


VCE(sat) 


VBE(sat) 
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SMALL-SIGNAL DEVICES 


2N2904,A, 2N2905,A, 
2N2906,A, 2N2907,A, 
2N3485,A, 2N3486,A 


MAXIMUM RATINGS JAN, JTX, JTXV AVAILABLE* 
[Ring | Symbol | мога Sufix | Азан | 


2N2906, EM MN 
pion А 2N2907,A HM 

Total Device Dissipation 

@ TA = 25°C 600 400 

Derate above 25°C 3.43 м 49 2.28 
Total Device Dissipation 

@ Tc = 25°C 

= У 4 0. 3 

Operating and Storage Junction | Ty, [T Tat | —65 to +200 

Temperature Range 


Derate above 25°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Typ | Mex | Uni | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) Non-A Suffix 
A-Suffix 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Ic = 0) 


CASE 79-02, STYLE 1 
2N2904/2905 ТО-39 (TO-205AD) , 2 


CASE 22-03, STYLE 1 
2N2906/2907 TO-18 (TO-206AA) 


CASE 26-03, STYLE 1 
2N3485/3486 TO-46 (TO-206AB) 


GENERAL PURPOSE TRANSISTOR 
PNP SILICON 


Collector Cutoff Current ІСЕХ 
(УСЕ = 30 Мас, Мве = 0.5 Мас) 


Collector Cutoff Current 
Мсв = 50 Мас, lp = 0) Non-A Suffix 
A-Suffix 


(VcB = 50 Мас, ЈЕ = 0, Ta = 150°C) Non-A Suffix 
A-Suffix 


Base Current 
(УСЕ = 30 Мас, МВЕ = 0.5 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


1.0 mAdc, Vcg = 10 Мас) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


10 mAdc, Vcg = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(С = 150 mAdc, Мсе = 10 Vdc)(1) 2N2904A, 2М2906А, 2N3485,A 
2N2905A, 2N2907A, 2N3486A 


*ALSO AVAILABLE 2N2905ALJANS AND 2N2907AJANS 
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2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
500 mAdc, Vcg = 10 Мас)(1) 


(lc = 


Collector-Emitter Saturation Voltage(1) 

(с = 150 mAdc, Ів = 15 mAdc) 

(с = 500 mAdc, Ів = 50 mAdc) 
Base-Emitter Saturation Voltage 

(Ic = 150 mAdc, Ів = 15 mAdc)(1) 

(с = 500 mAdc, Ів = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 

(с = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Output Capacitance 

(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 


2N2904, 2N2906, 2N3485 20 
2N2905, 2N2907, 2N3486 

2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 50 


| Symbo | Min | Тур | Mex | Unit | 


30 
40 


VCE(sat) 


VBE(sat) 


(VBE = 2.0 Vdc, Іс = 0, = 100 kHz) 
SWITCHING CHARACTERISTICS 


Rise Time 
Turn-Off Time 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0.% 


(Усс = 30 Мас, Іс = 150 mAdc, 
ІВ1 = 15 mAdc) 


(Vcc = 6.0 Vdc, lc = 150 mAdc, 
ІВ1 = ІВ2 = 15 mAdc) 


(2) fT is defined as the frequency at which |һғе| extrapolates to unity. 


NORMALIZED DC CURRENT GAIN 
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REVERSE pu (VOLTS) 
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2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 
CURRENT GAIN — BANDWIDTH PRODUCT 


ҮСЕ = 20 V 
f = 100 MHz 
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DELAY AND RISE STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 
-30 +15 V -6.0 


INPUT INPUT 
29-500 20-500 
PRF = 150 PPS PRE = 150 PPS 


RISE TIME < 2.0 us 


0 TO OSCILLOSCOPE 0 
| | RISE TIME < 5.0 ns | | 
-16 V -30 V 
Е қта 
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2N2944 


th ru MAXIMUM RATINGS 


2N2946 


Emitter-Collector Voltage 


| Emitter-Base Voltage | Veso | 75 | 


Collector Current — Continuous 


40 Vdc 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 


2.0 


@ Tc = 25°C 
Derate above 25°C 11.43 mW^C 
Operating and Storage Junction Т Tstg —65 to +200 C 


Temperature Range 


THERMAL CHARACTERISTICS 


TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 15 Мас, ЈЕ 
25 Мас, lE 


40 Мас, ЈЕ 


15 Мас, Іс 
25 Vde, Ic 
40 Мас, Іс = 


2N2944 
0) 2N2945 
0) 2N2946 


0) 2N2944 ЕВО -- — 0.1 nAdc 


(VcB 
(VcB 
(Усв 
(VEB 
(VEB 
(VEB 


Hu H d 
M H IH 


Emitter Cutoff Current 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 0.5 Мас) 2N2944 80 180 
2N2945 40 160 — 

2N2946 30 130 — 


*DC Current Gain (inverted connection) hFE(inv) E a 
(IB = 200 „Adc, МЕС = 0.5 Мас) 2N2944 6.0 20 — 
2N2945 

2N2946 


Offset Voltage 


VEC(ofs) 
(IB = 200 џАдс, IE 


0) 2N2944 — 0.18 0.3 


2N2945 — 0.23 0.5 
2N2946 = 0.27 0.8 
(Ip = 1.0 тАдс, Ip = 0) 2N2944 = 0.4 0.6 
2N2945 Е 0.5 1.0 
2№2946 — 0.6 2.0 
(ів = 2.0 mAdc, Ip = 0) 2N2944 == 0.8 1.0 


2N2945 — 0.9 1.6 
2N2946 — 1.0 2.5 | 
Current-Gain — Bandwidth Product 


(с = 1.0 mAdc, Vcg = 6.0 Мас, = 1.0 MHz) 2N2944 
2N2945 
2N2946 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcg = 6.0 Мас, ЈЕ = 0, f = 500 kHz) 
(VEB = 6.0 Мас, Ic = 0, f = 500 kHz) 
“ON” Series Resistance 

(Ig = 1.0 mAdc, ЈЕ = 0, lc = 100 uArms, f = 1.0 kHz) 2N2944 
2N2945 
2N2946 


Input Capacitance 


*Indicates Data in addition to ЈЕРЕС Requirements. 
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MAXIMUM RATINGS 


|Rating |$утьо!]2М2944А2М2345А2М2948А| Unit | 
| Collector-Base Voltage | Усво | 15 | 


Emitter-Base Voltage 


Collector Current — Continuous | dc | 


2N2944A 
2N2945A 
2N2946A 


JAN, JTX, JTXV AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-205AB) 


Total Device Dissipation 
@ TA = 25°C 


Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 
TL 


Lead Temperature 240 
1/16” from Case for 10 seconds 


THERMAL CHARACTERISTICS 
Characteristic 


CHOPPER TRANSISTOR 


Thermal Resistance, Junction to Case PNP SILICON 


т 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 
(IE = 10 дАдс, Ів = 0) 2N2944A 
2N2945A 
2N2946A 


Collector Cutoff Current 
(Усв = 15 Vdc, Ip = 0) 2N2944A 
(VCB = 25 Мас, ЈЕ = 0) 2N2945A 


(VcB = 40 Мас, lg = 0) 2N2946A 


(Vcg = 15 Vdc, lp = 0, Ta = 100°C) 2N2944A 
(VCB = 25 Vdc, lp = 0, Ta = 100°C) 2N2945A 
(Vcg = 40 Мас, lp = 0, Ta = 100°C) 2N2946A 


Cutoff Current 
25 Мас, lc = 2N2944A 
2N2945A 


40 Мас, lc = 0) 2N2946A 


25 Vdc, lc = 0, TA = 100°C) 2N2944A 
2N2945A 


40 Vdc, Ic = 0, TA = 100°C) 2N2946A 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 0.5 Мас) 2N2944A 
2N2945A 
2N2946A 


DC Current Gain (Inverted Connection) hFE(inv) 
(lg = 200 „Adc, МЕС = 0.5 Мас) 2N2944A 


2N2945A 
2N2946A 


Offset Voltage VECIofs) 
(IB = 200 „Adc, lg = 0) 2N2944A 
2N2945A 
2N2946A 
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2N2944A, 2N2945A, 2N2946A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


(в = 1.0 тАдс, ЈЕ = 0) 2N2944A 
2N2945A 
2N2946A 


(IB = 2.0 mAdc, ЈЕ = 0) 2N2944A 
2N2945A 
2N2946A 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 MHz) 2N2944A 
2N2945A 
2N2946A 


Output Capacitance 
(Vcg = 6.0 Мас, lg = 0, f = 0.1 MHz to 1.0 MHz) 


Input Capacitance 
Мев = 6.0 Vdc, Ic = 0, f = 0.1 MHz to 1.0 MHz) 


"ON" Series Resistance Гес(оп) 
(Ig = 1.0 mAdc, lg = 0, le = 100 дАгтв, f = 1.0 kHz) 2N2944A 
2N2945A 

2N2946A 


FIGURE 1 — МЕС(оп) FIGURE 2 — Vecloffset) 


OUTPUT 


ңіс ЊОМЕ О О = = 5 < 91k 2% 1.0Мас 
10k 2% Output Figure 1 — rec(on) rec(on) Тес(оп) 
= mA 1.0k 2% V 


Output measured with H.P. 400D 
Ac VTVM or equivalent. 
1.0 mV = 1.0 0 rec(on) 
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2N2944A, 2N2945A, 2N2946A 
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2N2944A, 2N2945A, 2N2946A 


VEC(ofs) versus Ig hFE versus TA 
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eem 
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ВЕ: 
ЕИ ШШЩ 
НЕША БЕРИ НИ РЕНН 


0 
-0.01 -0.1 -1.0 -10.0 -100.0 -55 -25 0 25 50 75 100 — 125 
IB. BASE CURRENT (mA) TA, AMBIENT TEMPERATURE (°С) 
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VOLTAGE (mV) 


VEC(ofs). EMITTER COLLECTOR OFFSET 


hFE(inv), FORWARD CURRENT RATIO 


1 
Ic. COLLECTOR CURRENT (mA) 


TE: 
PULSE WIDTH = 300 из, 
DUTY CYCLE < 2% 
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2N2959 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
R Г Sm | 


SWITCHING TRANSISTORS 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [Sms | Mm | Me | Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, pulsed, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Іс = 0) 

Collector Cutoff Current ICEX pAdc 
(УСЕ = 30 Мас, УвЕ = 0.5 Мас) 

Collector Cutoff Current ІСВО иАдс 
(Усв = 50 Мас, ЈЕ = 0) 
(Vcg = 50 Мас, lp = 0, Ta = 150°C) 

Base Cutoff Current IBL иАдс 

(УСЕ = 30 Мас, Мве = 0.5 Мас) 

ON CHARACTERISTICS 

DC Current Gain (Ic = 150 mAdc, Vcg = 10 Мас) 

Collector-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) 

Base-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mA, Vcg = 20 V, f = 100 MHz) 


II 


Output Capacitance 
(Мсв = 10 V, ЈЕ = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


; - 
Rise Time ш 
(Усс = 30 V, Ics = 150 mA, 1в1 = 15 mA) 


Storage Time 


(Vcc = 6.0 V, 16$ = 
ІВ2 = 15 mA) 


Fall Time 
(Vcc = 6.0 V, lcs = 150 mA, Ів1 = 15 mA, 
IB2 = 15 mA) 


(1) Pulse Test: Pulse Width « 300 us, Duty Cycle = 2.0%. 


150 mA, въ = 15 mA, 
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2N3011 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


| аш — | Symbol | Vawe | Unt | 
Collector-Emitter Voltage(1) VcEO Leni а фай. 


Collector-Emitter Voltage VCES 


Collector-Base Voltage VCBO Се ow 
Emitter-Base Voltage VEBO | 50 | 


Collector Current — Continuous Ic 200 mAdc 
Peak (10 us Pulse) 500 
Total Device Dissipation @ Ta = 25°C Pp 0.36 Watt 
Derate above 25°C 2.06 пу с 
Total Device Dissipation @ Тс = 25°C Pp 1.20 Watts 
Tc = 100°C 0.68 mW/C 
Derate above 25°C 6.85 
Operating and Storage Junction ТЈ, Таја | -65 to +200 “С 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (lc = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage (lc = 10 „Адс, Мве = 0) 
Collector-Base Breakdown Voltage (lc = 10 дАдс, lg = 0) 


V(BR)CEO 
V(BR)CES 
V(BR)CBO 


Emitter-Base Breakdown Voltage (Е = 100 „Acdc, Ic = 0) 


Collector Cutoff Current (Vcg = 20 Vdc VBE = 0) 
(УСЕ = 20 Мас, VBE = 0, TA = +85°C) 


V(BR)EBO 


ON CHARACTERISTICS (2) 


DC Current Gain (Ic = 10 mAdc, Vcg = 0.35 Мас) 
(с = 30 mAdc, Vcg = 0.4 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 


(с = 10 mAdc, Ip 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 
(lc = 100 mAdc, lg = 10 mAdc) 
(с = 10 mAdc, lg = 1.0 mAdc, TA = +85°C) 


1.0 mAdc) 
3.0 mAdc) 
10 mAdc) 


Collector-Emitter Saturation Voltage 1.0 mAdc) 


VCE(sat) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, Ів 
(с = 30 mAdc, Ів 
(Ic = 100 mAdc, Ів = 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (Іс = 20 mAdc, Vcg = 
Output Capacitance (Vcg = 5.0 Мас, lg = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 


Storage Time 
(lc = ва = 
Turn-On Time 


VBE(sat) 


10 Vdc, f = 100 MHz) 


-ІВ2 = 10 mAdc) 


(Усс = 2.0 Мас, VEB(off) = 0, lc = 30 mAdc, въ = 3.0 mAdc) 


Turn-Off Time 
(Усс = 2.0 Мас, lc = 30 mAdc, 1в1 = 


—182 = 3.0 mAdc) 


(1) Applicable from 0.01 mA to 10 mA (Pulsed). 
(2) Pulse Test: Pulse Length = 30 us, Duty Cycle « 2.0%. 
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MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | битьо | ма | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (lc = 10 pAdc, VBE = 0) 
Collector-Emitter Sustaining Voltage(1) (lc = 10 mAdc, Ів = 0) 


(Emitter-Base Termination — Open Base) 


Collector-Base Breakdown Voltage (lc = 10 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage (lg = 100 Adc, Іс = 0) 
Collector Cutoff Current (Vcg = 6.0 Мас, УВЕ = 0) 


(VCE = 6.0 Мас, VBE = 0, TA = +85°С) 


Base Current (Vcg = 6.0 Мас, УВЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Мсе = 0.3 Мас) 
(Ic = 30 mAdc, Vcg = 0.5 Мас) 
(с = 100 mAdc, Vcg = 1.0 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) 
(С = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc, ТА = +85°С) 
(Ic = 100 mAdc, Ів = 10 mAdc) 
Base-Emitter Saturation Voltage(1) 
= 10 mAdc, lg = 1.0 mAdc) 
= 30 mAdc, lg = 3.0 mAdc) 
(С = 100 mAdc, Ів = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 140 kHz) 


Input Capacitance 
(МЕВ = 0.5 Мас, Іс = 0, f = 140 kHz) 


V(BR)CBO 


SWITCHING TRANSISTOR 


2N3012 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


PNP SILICON 


Refer to 2N869A for graphs. 


V(BR)EBO 


Small-Signal Current Gain 
(с = 30 mAdc, Vcg = 10 Мас, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 2.0 Мас, Іс-30 mAdc, IB1=1.5 mAdc) 


Turn-Off Time (Vcc = 2.0 Мас, Ic=30 тАас, въ = !82=1.5 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
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2N3013 
2N3014 MAXIMUM RATINGS 


Collector-Emitter Voltage(1) 
2N3013 
2N3014 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage | Veso | 


Collector Current — Continuous 
(10 us pulse) Peak 


2N3013 JAN, JTX AVAILABLE 
CASE 27, STYLE 1 
TO-52 (TO-206AC) 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation (а Tc 
@Tc 


SWITCHING TRANSISTOR 


NPN SILICON 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


(1) Applicable from 0.01 mA to 10 mA (Pulsed) 


Refer to 2N3510 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 40 — Vdc 
(с = 100 „Adc, УВЕ = 0) 

Collector-Emitter Sustaining Voltage(2) VCEO(sus) Vdc 
(Ic = 10 mAdc, Ів = 0) 2N3013 15 e 

2N3014 20 — 

Collector-Base Breakdown Voltage V(BR)CBO 40 — Vdc 
(Ic = 100 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc 
(Ip = 100 дАдс, Ic = 0) = 

Collector Cutoff Current ICES uAdc 
(МСЕ = 20 Мас, VBE = 0) — 0.3 
(VcE = 20 Vdc, VBE = 0, TA = +125°C) — 40 

Base Current Ig — 0.3 pAdc 
(ҮСЕ = 20 Мас, УВЕ = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain ПЕЕ — 
(с = 30 mAdc, Vcg = 0.4 Vdc) 30 120 
(Ic = 100 mAdc, Vcg = 0.5 Vdc) 2N3013 25 — 
(с = 10 mAdc, Vcg = 0.4 Мас) 2N3014 25 — 
(Ic = 300 mAdc, Vcg = 1.0 Мас) 2N3013 15 — 


100 mAdc, VCE = 1.0 Мас) 2N3014 
30 mAdc, Vcg = 0.4 Мас, TA = —55'C) 


Collector-Emitter Saturation Voltage 


(Ic 


VCE(sat) 


(с = 30 mAdc, Ів = 3.0 mAdc) — 
(Ic = 100 mAdc, Ів = 10 mAdc) 2N3013 — 
(с = 100 mAdc, lg = 10 mAdc) 2N3014 — 0.35 
(Ic = 300 mAdc, Ів = 30 mAdc) 2N3013 
= 10 mAdc, lg = 1.0 mAdc) 2N3014 
= 30 mAdc, lg = 3.0 mAdc, TA = + 125°С) 
Base-Emitter Saturation Voltage | VBE(sat) 


(с = 30 mAdc, Ів = 3.0 mAdc) 


(Ic = 100 mAdc, IB = 10 mAdc) — 
(с = 300 mAdc, Ів = 30 mAdc) 2N3013 
(с = 10 mAdc, lg = 1.0 mAdc) 2N3014 
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x  Characterii: | Sbi | ма | Me | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 


(Усв = 5.0 Мас, ЈЕ = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Vdc, lc = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = въ = 182 = 10 mAdc) 


Turn-On Time 
(VEB(off) = 5.0 V, Усс = 15 V, Ic = 300 mAdc, 181 = 30 mAdc) 
2N3013 


(VEB(off) = 0, Усс = 2.0 V, Ic = 30 mAdc, |81 = 3.0 mAdc) 
2N3014 


Turn-Off Time 
(Усс = 15 V, Ic = 300 mAdc, въ = 182 = 30 mAdc) 2N3013 
(Усс = 2.0 V, Іс = 30 mAdc, въ = 182 = 3.0 mAdc) 2N3014 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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2N3019 
2 N3020 MAXIMUM RATINGS 


2N3700 — поло uw | 


Collector-Emitter Voltage E RUNE и 
Emitter-Base Voltage VEBO 7.0 7.0 


Collector Current — Continuous lc 1.0 1.0 
0.8 
4.6 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


JAN, JTX, JTXV AVAILABLE 
2N3019, 2N3020 
CASE 22 STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ TA = 25°C Watts 


Derate above 25°C 


Total Device Dissipation (а Tc = 25°C 
Derate above 25°C 


°C 


THERMAL CHARACTERISTICS 


2N3019 
Characteristic 2N3020 | 2N3700 


Thermal Resistance, Junction to Case °C/W 
Thermal Resistance, Junction to Ambient 7 89.5 ки OE 


GENERAL TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 30 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 100 Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 90 Мас, Ip = 0) 
(Усв = 90 Мас, ЈЕ = 0, Ta = + 150°С) 


Emitter Cutoff Current 
(VBE = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 0.1 mAdc, Vcg = 10 Мас) 2N3700, 2N3019 
2N3020 30 100 
(1С = 10 mAdc, VCE = 10 Мас) 2N3700, 2N3019 90 = 
2N3020 40 120 
(Ic = 150 mAdc, Мсе = 10 Мас) 2N3700, 2N3019 100 300 
2N3020 40 120 
(1С = 150 mAdc, Vcg = 10 Мас, Тс = -55%С) 2N3700, 2N3019 40 = 
(С = 500 mAdc, VcE = 10 Мас} 2N3700, 2N3019 
2N3020 
(Ic = 1.0 Adc, УСЕ = 10 Мас) All Types 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 150 mAdc, lg = 15 mAdc) — 


(с = 500 mAdc, lg = 50 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 150 mAdc, Ів = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, = 20 MHz) 2N3020 


2N3019, 2N3700 
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2N3019, 2N3020, 2N3700 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance 
(Vcp = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(ІС = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N3700, 2N3019 


2N3020 


Collector Base Time Constant 
(IE = 10 mAdc, Vcg = 10 Мас, f = 4.0 MHz) 2N3019, 2N3020 
2N3700 


Noise Figure 
(Ic = 100 uAdc, Vcg = 10 Мас, 2N3019, 
Rs = 1.0 k ohms, f = 1.0 kHz) 2N3700 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 


DC CURRENT GAIN DC CURRENT GAIN 
2N3019, 2N3700 2N3020 


m 
ПІШЕН ШЕНІ 
ШШ 
TIE ER. | | 
ama 
H 


0.5 


10 100 1.0 
Ic. COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT т. 


hee, NORMALIZED DC CURRENT GAIN 
hFE, NORMALIZED DC CURRENT GAIN 


0.1 000 


CAPACITANCE “ON” VOLTAGES 


= 


V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


0 
"Vp, REVERSE VOLTAGE (V) їс. COLLECTOR CURRENT (mA) 
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2N3019, 2N3020, 2N3700 
TEMPERATURE COEFFICIENTS 


+25°C TO +150°C = 


ІІ | 
ШЕШІ ШІ ШІ | 


(-5590 


6V, TEMPERATURE COEFFICIENT (mV/°C) 


05 1.0 10.0 50 100 500 1000 
Ic, COLLECTOR CURRENT (mA) 


SOURCE RESISTANCE EFFECTS 


NF, NOISE FIGURE (dB) 


0.1 1.0 10.0 100.0 1000.0 
Rs, SOURCE RESISTANCE (k OHMS) 


CURRENT GAIN — BANDWIDTH PRODUCT 


1000 


III || ШІ ЕТШІ 
3óí ГГ nm 
ГІШ 


01 10 10 100 
Ic, COLLECTOR CURRENT (M.A.D.C.) 


MOTOROLA SEMICONDUCTORS 


FREQUENCY EFFECTS 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (kHz) 


CURRENT GAIN BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT — 1 kHz hfe 


100 


hte, CURRENT GAIN 


lc COLLECTOR CURRENT (mA dc) 


ACTIVE REGION SAFE OPERATING AREA 


—— HH = EE ШЕНІ! А 
Li Bm mm гаш 


Ic, COLLECTOR CURRENT (A) 


ce 
с 
||| 
| 
ШЕНІ 
| 
г 
= 
РЕНЕ 


1.0V 10 V 
Vcg. COLLECTOR-EMITTER VOLTAGE (V) 
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MAXIMUM RATINGS 


2N3053,A 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


ERE 2N3053A 
VCEO 60 

K "ur mar m 
уво №0 T w | 


Collector Current — Continuous Ic 700 
Total Device Dissipation @ Tc = 25°C Pp 5.0 
Derate above 25°C 28.6 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 
Lead Temperature 1/16", + 1/32" From 
Case for 10 s 


GENERAL PURPOSE TRANSISTOR 


| Max | шш | "OPES 
| 3 | «м | 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case 


(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width = 300 ивес., Duty Cycle = 2.0%. 
0 to 700 mA; Pulse Width = 10 usec., Duty Cycle = 2.0%. 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA — 25'C unless otherwise noted.) 


Characteristic С Symbo | Ма | Mex | unt | 


V(BR)CEO 

40 
60 

V(BR)CER Vdc 
50 
70 

V(BR)CBO Vdc 
60 
80 


Emitter-Base Breakdown Voltage (lg = 100 џАдс, Ic = 0) V(BR)EBO 


Collector Cutoff Current ІСЕХ pAdc 
(УСЕ = 30 Vdc, VBE[off) = 1.5 Мас) 2N3053 
(УСЕ = 60 Мас, VBE[off) = 1.5 Мас) 2N3053A 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 100 дАдс, Ів = 0) 2N3053 
2N3053A 


Collector-Emitter Breakdown Voltage(2) 
(С = 100 mAdc, ВВЕ = 10 ohms) 2N3053 
2N3053A 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 2N3053 
2N3053A 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Ic = 0) 2N3053 

Base Cutoff Current IBL 
(УСЕ = 60 Vdc, VgE(off) = 1.5 Мас) 2N3053A 


ON CHARACTERISTICS(1) 


DC Current бат (Іс = 150 mAdc, Vcg = 2.5 Vdc) 
(Ic = 150 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 


(Ic = 150 mAdc, lg = 15 mAdc) 2N3053 
2N3053A 


Base-Emitter Saturation Voltage VBE(sat) 
(С = 150 mAdc, IB = 15 mAdc) 2N3053 
2N3053A 
Base-Emitter On Voltage VBE(on) 
(с = 150 mAdc, Vcg = 2.5 Мас) 2N3053 
2N3053A 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (lc = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance (Vcg = 10 Мас, lg = 0, f = 140 kHz) 
Input Capacitance (Уве = 0.5 Мас, Ic = 0, f = 140 kHz) 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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2N3073 


2N3073 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation (а TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 30 mAdc, Ів = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 100 uAdc, lg = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 100 „Adc, Іс = 0) 


Collector Cutoff Current (Vcg = 30 Мас, УВЕ = 0) 
(Vcg = 30 Мас, ҮЕ = 0, TA = 125°C) 


Emitter Cutoff Current (Veg = 4.0 Vdc, Ic = 0) 
Base Current (Vcg = 30 Мас, УВЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) (с = 50 mAdc, Vcg = 1.0 Мас) ПЕЕ = 
(с = 50 mAdc, Vcg = 1.0 Мас, TA = —55°C) 130 
(Ic = 300 mAdc, Vcg = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 


(Ic = 50 mAdc, Ів = 2.5 mAdc) VCElsat) 
(с = 300 mAdc, Ів = 30 mAdc) 


Base-Emitter Saturation Voltage 50 mAdc, Ів = 2.5 mAdc) 


300 mAdc, lg = 30 mAdc) 


(с 
(Ic 


VBE(sat) 


Base-Emitter On Voltage (lc = 50 mAdc, Vcg = 1.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 140 kHz) 
Input Impedance 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 10 mAdc, Vcg = 10 Vac, f 


Small Signal Current Gain 
(Ic = 10 тАдс, Vcg = 10 Мас, f 


Output Admittance 
(с = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-74 


2N3073 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


__ haracteristic | Symb | ма | Me | Unt | 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(1с=300 mAdc, |81=30 mAdc) 


Turn-Off Time 
(I¢~300 mAdc, !в1=!в2=30 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


FIGURE 1 — TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


"4.0 V -30 V 


0.47 uF 
Vout 
PULSE GENERATOR 0.1 uF V 
0 БЕСІ OSCILLOSCOPE 
Vin = -9.0 V 75 
tr. tf = 6.0 ns tr<10ns 
PW = 0.5 us Zin > 0.1 Megohm 
Zin = 50 t? 
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2N3114 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


УСЕО 
Усво 
VEBO 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbo | ми | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(lc = = 30 mAdc, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 џАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage 

ЧЕ = 100 џАдс, Іс = 0) 


Collector Cutoff Current pAdc 
(Усв = 100 Мас, ЈЕ = 0) 0.010 
(Vcg = 100 Мас, Іс = 0, Ta = 150°C) 


Emitter Cutoff Current 
(VEB = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 0.1 mAdc, Vcg = 10 Мас) 
(Ic = 30 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, VcE = 10 Мас, ТД = —55°C) 


Collector-Emitter Saturation Voltage(2) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage(2) 
(с = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance бло om "P = 
(Усв = 20 Мас, lp = 0, f = 140 kHz) 


Input Capacitance | Cibo 
(VEB = 0.5 Мас, Ic = 0, f = 140 kHz) 


Small-Signal Current Gain hfe — 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 1 kHz) | 
Current Gain — High Frequency Ihtel 2.0 
(Vcg = 10 Мас, Іс = 30 mAdc, f = 20 MHz) 
=| mu 
Real Part of Input Impedance Re(hje) — 30 Ohms 
(с = 10 mA, Vcg = 10 V, = 100 MHz) 


(1) Between 0 and 30 mA. 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 1.0%. 


V(BR)EBO 


VCE(sat) 


VBE(sat) 
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MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


1.8 
17.14 10.3 


—65 to +200 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Т Tstg 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 uAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 Adc, Ic = 0) 
Collector Cutoff Current 
(МСЕ = 30 V, ҮЕ = 0.5 V) 


Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ 
(Vcg = 30 Мас, lg 


Base Cutoff Current 
(ҮСЕ = 30 V, УВЕ = 0.5 V) 


ON CHARACTERISTICS 


DC Current Gain 
(С = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 150 mAdc, Vcg = 10 Мас)(1) 
Collector-Emitter Saturation Voltage(1) 
(с = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage(1) 
| (Ic = 150 mAdc, Ів = 15 mAdc) 


0) 
0, Ta = 150°C) 


2N3133 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


2N3135 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 
PNP SILICON 


Refer to 2N2904 for graphs. 


мас 
Мас 


V(BR)CBO 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас ЈЕ = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 V, Ic = 150 mA, Ір1 = 15 mA) 


Turn-Off Time 
(Vcc = 6.0 V, lc = 150 mA, въ = 182 


15 mA) 


Input Capacitance Cibo pF 
(VBE = 2 Мас, lc = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MOTOROLA SEMICONDUCTORS 


2N3227 For Specifications, See 2N2368 Data. 


2N3244 
2N3245 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage VCBO 40 


Ic 
Total Device Dissipation @ Ta = 25°C Pp 1.0 


Derate above 25°C 5.71 
Total Device Dissipation @ Тс = 25°C 


Pp 5.0 
Derate above 25°C 28.6 mW/C 
Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic Symbol | ма | Uni | 
Thermal Resistance, Junction to Case Rec Bor od, с | 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sym | Wm | мы | бш | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 mAdc, Ів = 0) 2N3244 
2N3245 


Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 10 џАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 


Base Cutoff Current IBEV - 
(МСЕ = 30 Мас, УвЕ = 3.0 Vdc) 


Collector Cutoff Current ІСЕХ 
(УСЕ = 30 Мас, УВЕ = 3.0 Vdc) 


Collector Cutoff Current 

(Vcg = 30 Мас, ЈЕ = 0) 

(VcB = 30 Мас, ЈЕ = 0, Ta = 100°C) 
Emitter Cutoff Current 


(Veg = 3.0 Мас, Ic = 0) 2N3245 
(Veg = 4.0 Мас, Іс = 0) 2N3244 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 150 mAdc, Vcg = 1.0 Мас) 2N3244 
2N3245 


(с = 500 mAdc, Vcg = 1.0 Vdc) 2N3244 
2N3245 


(С = 1.0 Adc, VcE = 5.0 Vdc) 2N3244 
2N3245 


25 
20 
Collector-Emitter Saturation Voltage(1) VCE(sat) 

(с = 150 mAdc, Ів = 15 mAdc) 2N3244 
2N3245 
(Ic = 500 mAdc, Ів = 50 mAdc) 2N3244 
2N3245 
(с = 1.0 Adc, lg = 100 mAdc) 2N3244 
2N3245 
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2N3244, 2N3245 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x ое | Symb! | м | ма | Unit | 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 150 mAdc, IB = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Аас, lg = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N3244 
2N3245 


| 


Output Capacitance 
(Усв = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance Cibo 
(Veg = 0.5 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
=== == (Ic = 500 mA, въ = 50 mA 
ven P Mà ы "ee я "T Ж 
Storage Time 
(с = 500 mA, Vcc = 30 V 2N3244 


I = = 50 mA) 2N3245 
Fall Time iilius: 


Total Control Charge 
(Ic = 500 mA, Ip = 50 mA, Vcc = 30 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle « 2.0%. 


FIGURE 1 — MINIMUM CURRENT GAIN CHARACTERISTICS 


aC. БАН С аб 


410 

š 

e 

= 05 

NENE NC 
50 100 200 X 
lc, COLLECTOR CURRENT (mA) 
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2N3244, 2N3245 


FIGURE 2 — COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 


A HH иши шш инш ш иии иии 
ы [БИ БЕП ШЕ ШЕ БЕ т "ИЯ БЕС ЗІ | lel mese 
eeen ын жез LEES — 
мн EBEN 1 Ban ea 00 

ae шш TUREN NEC аа И i 
LLL ТТГ | | аду | | | МЕГ 
minx А ЧС м 


OLLECTOR-EMITTER VOLTAGE (VOLTS) 
5 


Ver, MAXIMUM С 
e 
~ 


| ДРЕ АД == Цин съ АН 2—1 ӘӘ 
EL. | -F7 
еш LL ин көсе iei ыы 


0.5 1.0 5.0 10 20 50 100 200 
le, BASE CURRENT (тА) 


ЗИ Ee LI ELM D 


UM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Ver, MAXIM 


1,, BASE CURRENT (mA) 


FIGURE 3 — MAXIMUM SATURATION VOLTAGES FIGURE 4 — TYPICAL TEMPERATURE COEFFICIENTS 


. 


+0.5 


- 2596 
—0.5 


VOLTAGE (VOLTS) 
COEFFICIENT (mV/°C) 


0.4 


== | 
я tr ЭЕ ШЕ Н БЕН її! Е 
50 100 200 500 1000 0 200 400 600 800 1000 
lc, COLLECTOR CURRENT (mA) lc, COLLECTOR CURRENT | (mA) 
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2N3244, 2N3245 


CAPACITANCE (pF) 


CHARGE (nC) 


--11.5 У 


Ta 


FIGURE 5 — JUNCTION CAPACITANCE 


200 


| ГКУ ТИПТ = || | | 

Еа 

ПОТЕ 

РН 

0.5 1.0 2.0 5.0 10 20 30 
REVERSE BIAS (VOLTS) 


20 


10 


FIGURE 7 — CHARGE DATA 


200 500 1000 


1с, COLLECTOR CURRENT (mA) 


50 100 


FIGURE 9 — TURN-OFF EQUIVALENT TEST CIRCUIT 
+ 85у 
—30 V 
10 < t, < 500 us 
t, <5ns 
8>1;5 


590 


| 
| SCOPE 
г 


DUTY CYCLE = 2% 


TIME (ns) 


FIGURE 6 — TYPICAL SWITCHING TIMES 


200 
1с, COLLECTOR CURRENT (mA) 


FIGURE 8 — TURN-ON EQUIVALENT TEST CIRCUIT 
+2V —30 V 


0— 


590 


— 10.75 V 200 0 


PW — 200 ns 
RISE TIME = 2 ns 
DUTY CYCLE = 2% 


FIGURE 10 — Qr TEST CIRCUIT 


AV 
—10V ga 
be 10 us 1200 pf max (ог 283245 7 
DUTY CYCLE — 2% 1400 pf max for 2N3244 


FIGURE 11 — TURN-OFF WAVEFORM 
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MOTOROLA SEMICONDUCTORS 


600 


SCOPE 


800 


2N3249 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage | Vceo | 12 | va | 


Collector-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 0.36 Watt 
Derate above 25°C 2.06 mW^C 


Total Device Dissipation (v Tc = 25°C Watts 
Derate above 25°C mW^C 
Operating and Storage Junction ТЈ, Tstg | -65 о +200 °С 
Temperature Range 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 15 Vdc 
(Ic = 10 дАдс, Ip = 0) 
B 


SWITCHING TRANSISTOR 


PNP SILICON 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Ic = 0) 


Base Cutoff Current IBEV — nAdc 
(УСЕ = 10 Мас, УВЕ = 1.0 Мас) 
Collector Cutoff Current ІСЕХ 


(УСЕ = 10 Мас, МВЕ = 1.0 Мас) 
(VCE = 10 Vdc, VBE = 1.0 Vdc, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 0.1 mAdc, Vcg = 1.0 Мас) 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(с = 10 тАдс, Vcg = 1.0 Мас) 
50 mAdc, Vcg = 1.0 Vdc) 
100 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
50 mAdc, lg = 5.0 mAdc) 
100 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcg = 10 Мас, = 100 MHz) 
Output Capacitance 


(Vcg = 10 Vdc, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 1.0 Vdc, Іс = 0, f = 100 kHz) 
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2N3249 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Мах | Unit | 


SWITCHING CHARACTERISTICS 


Turn-On Time ІС = 10 mA, въ = 1.0 mA, 
Уве = 0.5 V, Усс = 3.0 V 
Turn-Off Time ІС = 10 mA, въ = ІВ2 = 1.0 mA, 
Vcc = 30V 


Total Control Charge 
(Ic = 10 mA, Ip = 0.25 mA, Vcc = 3.0 V) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — t, CIRCUIT 


FIGURE 3 — TYPICAL SWITCHING TIMES 


TIME (ns) 


10 c t, < 500 us 
DUTY CYCLE = 2% = = 


HRA р 
ohms volts 
| 285 | 4 | 


| 10 | 3 | 10K | | +0.5 | —106 | 7109 | +9.1 | 
o зо T ix] та | ко] i07] -na +87] le COLLECTOR CURRENT (nd 


* Total shunt capacitance of test jig and connectors. 


FIGURE 4 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3249 
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FIGURE 5 — MAXIMUM CHARGE DATA FIGURE 6 — JUNCTION CAPACITANCE 
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CAPACITANCE (pF) 
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FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N3249 
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FIGURE 8 — SATURATION VOLTAGE LIMITS FIGURE 9 — TYPICAL TEMPERATURE COEFFICIENTS 
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2N3250,A 
2N3251,A 


2N3250A,2N3251A 
JAN, JTX, JTXV AVAILABLE 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE TRANSISTOR 
PNP SILICON 


MAXIMUM RATINGS 


EET ee фена ии 
[смени — | усо | 4 | 


Total Device Dissipation (а TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Temperature 
Temperature Range 


—65to +200 


THERMAL CHARACTERISTICS 


Symbol 


RaJA 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 10 mAdc) 


Collector-Base Breakdown Voltage 
(Ic = 10 џАдс) 

Emitter-Base Breakdown Voltage 
(IE = 10 дАдс) 


Collector Cutoff Current 
(УСЕ = 40 Мас, Уве = 3.0 Мас) 


Base Cutoff Current 
(УСЕ = 40 Мас, МВЕ = 3.0 Мас) 


ON CHARACTERISTICS 


DC Forward Current Transfer Radio (1) 
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 


(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 


(с = 10 mAdc, Vcg = 1.0 Vdc) 


(с = 50 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage (1) 
(с = 10 mAdc, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 тАдс) 
Base-Emitter Saturation Voltage (1) 
(с = 10 mAdc, Ів = 1.0 тАдс) 

(с = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 100 kHz) 


Input Capacitance 
(Vcg = 1.0 Мас, Ic = 0, f = 100 kHz) 


MOTOROLA SEMICONDUCTORS 


2N3250, 2N3251 V(BR)CEO 40 Vdc 
2N3250A, 2N3251A 60 

2N3250, 2N3251 V(BR)CBO Vdc 
2N3250A, 2N3251A 


ІСЕХ 


2М3250, 2М3250А 
2М3251, 2М3251А 


2М3250, 2М3250А 
2М3251, 2N3251A 


2М3250, 2М3250А 
2М3251, 2М3251А 


2М3250, 2М3250А 
2М3251, 2М3251А 


15 

30 
ni БЕГІНЕ 
ш ЕНГЕНШЕ 


2М3250, 2М3250А 
2N3251, 2N3251A 
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2N3250,A, 2N3251,A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Input Impedance 2N3250, 2N3250A hie 1.0 

(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 2.0 
Voltage Feedback Ratio 2N3250, 2N3250A 10 

(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 20 
Small-Signal Current Gain 2N3250, 2N3250A 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Output Admittance 2N3250, 2N3250A hoe 4.0 40 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 10 60 
Collector Base Time Constant rb'Cc — 
(Ic = 10 mA, Vcg = 20 V) 


Noise Figure 
(Ic = 100 ДА, Vcg = 5.0 V, Rs = 1.0 КО, f = 100 Hz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE = 0.5 Vde 
Ic = 10 mAdc, Igi = 1.0 mA) 


Storage Time (Ic = 10 mAdc, въ = Ip2 = 1.0 mAdc 2N3250, 2N3250A 


Vcc = 3.0 V) 2N3251, 2N3251A 
Fall Time 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME CHARACTERISTICS 


FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME 


Ty = 25°C 
с+ 10 lg, = 10 lg2 


TIME (nsec) 
TIME (nsec) 


1 2 5 10 20 50 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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2N3250,A, 2N3251,A 


AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE eem rd VARIATIONS 
(Усё = 6 = 25°C) 


FIGURE 3 — FREQUENCY FIGURE 4 — SOURCE RESISTANCE 
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NF, NOISE FIGURE (db ) 


NF. NOISE FIGURE 


10K 20K 40K 100K 
Ка: SOURCE RESISTANCE (OHMS) 


h PARAMETERS 
Vee = 10V, f = 1kc, T, = 25°C 


FIGURE 5 — CURRENT GAIN FIGURE 6 — OUTPUT ADMITTANCE 
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FIGURE 7 — VOLTAGE FEEDBACK RATIO FIGURE 8 — INPUT IMPEDANCE 
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2N3250,A, 2N3251,A 


FIGURE 9 — NORMALIZED CURRENT GAIN CHARACTERISTICS 
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NORMALIZED AT Ic = 10 тА. Vcg = 1 V 


у 74 — 2N3250, 2N3250A, JAN 2N3250A 
TYPICAL hee = 167 — 2N3251, 2N3251A, JAN 2N3251A 


02 


FIGURE 10 — COLLECTOR SATURATION REGION 


This graph shows the effect of base current on collector current. /3o is the 
current gain of the transistor at 1 volt, and Зе (forced gain) is the ratio of с ler 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (lag) to insure 
saturation at a temperature of 25°C and a collector current of 10 тА. 

Observe that at Ic — 10 тА an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 1, it is seen that 
НЕЕ @ 1 volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for “worst-case” design). . . 
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2N3250,A, 2N3251,A 
FIGURE 13 — f, AND г, Сс versus Ic FIGURE 14 — 30 MC EQUIVALENT CIRCUIT 
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r Сс, COLLECTOR-BASE TIME CONSTANT (psec) 
fr. CURRENT GAIN — BANDWIDTH PRODUCT (mc) 


0 5 10 15 20 25 30 
Іс. COLLECTOR CURRENT (mAdc) 


FIGURE 15 — JUNCTION CAPACITANCE FIGURE 16 — CHARGE DATA 
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2N3252 
2N3253 
2N3444 


MAXIMUM RATINGS 


Rating Symbol | 2,3252 | 2N3253 | 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 80 Vdc 
| | Vdc 


Emitter-Base Voltage 


JAN, JTX AVAILABLE 
2N3253, 2N3444 
CASE 79, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 


TO-39 (TO-205AD) 


Derate above 25°C 

Total Device Dissipation 
@ Тс = 25°C 

Derate above 25°C 


Operating and Storage Junction —65 to +200 
Temperature Range 


THERMAL CHARACTERISTICS SWITCHING 


Symbol | Ма | 


Thermal Resistance, Junction to Case RaJC 35 °C/W 
RaJA 0.175 °C/mW 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Chats — ü | Symb | ма | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, pulsed, Ів = 0) 2N3252 
2N3253 

2N3444 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, Ip = 0) 2N3252 
2N3253 

2N3444 


NPN SILICON 


Emitter-Base Breakdown Voltage 
(IE = 10 „Adc, Ic = 0) 
Collector Cutoff Current 
(УСЕ = 40 Мас, Уев(он) = 4.0 Мас) 2N3252 
(УСЕ = 60 Мас, Уев(он) = 4.0 Мас) 2N3253, 2N3444 


Collector Cutoff Current 
(св = 40 Мас, lg = 0) 2N3252 
(Vcg = 40 Мас, lg = 0, TA = 100°C) 2N3252 
(Vcg = 60 Мас, ЈЕ = 0) 2N3253, 2N3444 
(Vcg = 60 Мас, lg = 0, TA = 100°C) 2N3253, 2N3444 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Іс = 0) 


Base Cutoff Current 
(VCE = 40 Vdc, МЕв(он) = 4.0 Vdc) 2N3252 
(VCE = 60 Мас, Уев(он) = 4.0 Мас) 2N3253, 2N3444 


ON CHARACTERISTICS 


DC Current Gain(1) 
(С = 150 mAdc, Vcg = 1.0 Vdc) 2N3252 
2N3253 
2N3444 


(Ic = 500 mAdc, Vcg = 1.0 Мас) 2N3252 
2N3253 
2N3444 


1.0 Adc, Vcg = 5.0 Vdc) 2N3252 
2N3253 
2N3444 
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2N3252, 2N3253, 2N3444 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 150 mAdc, lg = 15 mAdc) 2N3252 = 
2N3253, 2N3444 


(с = 500 mAdc, Ів = 500 mAdc) 2N3252 


2N3253, 2N3444 


(lc = 1.0 Ade, Ig = 100 mAdc) 2N3252 - 
2N3253, 2N3444 


Base-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, lg = 15 mAdc) — 
(Ic = 500 mAdc, Ів = 50 mAdc) 0.7 
(Ic — 1.0 Adc, lg — 100 mAdc) = 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N3252 
2N3253, 2N3444 


VBE(sat) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 


Мев = 0.5 Мас, lc = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 


Delay Time ІС = 500 mAdc, въ = 50 mAdc 


Rise Time Усс = 30 V, УВЕ = 20 V 2N3252 
2N3253, 2N3444 


Ic = 500 mAdc, 181 = Ін = 50 mAdc 


Fall Time Veg = 30 V 


Total Control Charge 
(с = 500 mAdc, въ = 50 mAdc, Vcc = 30 V) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N3252, 2N3253, 2N3444 
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2N3252, 2N3253, 2N3444 
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2N3252, 2N3253, 2N3444 
TYPICAL TURN-ON TIME VARIATIONS WITH VOLTAGE TYPICAL RISE TIME VARIATIONS WITH TEMPERATURE 
100 


TIME (nsec) 
tr, RISE TIME (nsec) 
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2N3299 
2N3300 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Symbol | Маше | Unit | 
Collector-Emitter Voltage VCEO 30 Vdc 
(Applicable 0 to 10 mAdc) 
Collector-Base Voltage VCBO | | 6 | Vd | 
dc 


Emitter-Base Voltage VEBO 5,0 
Collector Current — Continuous Ic 500 


GENERAL PURPOSE 
TRANSISTOR 


2N3301 
2N3302 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


2N3299 
2N3300 


Total Device Dissipation @ Ta = 25°C 0.8 0.36 Watt 
Derate above 25°C 4.56 2.06 туу/?С 
Total Device Dissipation (а Тс = 25°C Pp 3.0 1.8 Watts 
Derate above 25°C 17.2 10.3 mW/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °С 
Temperature Range 
Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symboli | Min | Mex | Unt | 
Collector-Emitter Sustaining Voltage(1) (lc = 10 mAdc, Ів = 0) VCEO(sus) | s» | — | ve | 


Collector-Base Breakdown Voltage (lc = 10 uAdc, lg = 0) V(BR)CBO | 60 | = Vde 


(Е = 10 џАдс, lc = 0) V(BR)EBO mx = 


Collector Cutoff Current (Vcg = 50 Мас, Vgg = 0) ICES 
(УСЕ = 50 Мас, МВЕ = 0, TA = 150°C) 


Emitter Cutoff Current (УВЕ = 3.0 Vdc, Іс = 0) 
Base Current (Vcg = 50 Мас, УВЕ = 0) 
ON CHARACTERISTICS 

DC Current Gain 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage 


2N3299, 2N3301 


(с = 0.1 mAdc, Vcg = 10 Мас) 2N3300, 2N3302 
(с = 1.0 mAdc, Vcg = 10 Мас) 2N3299, 2N3301 = 
2N3300, 2N3302 = 
(Ic = 10 mAdc, Vcg = 10 Vdc)(1) 2N3299, 2N3301 35 — 
2№3300, 2№3302 75 = 
(с = 150 mAdc, Vcg = 1.0 Vdc)(1) 2N3299, 2N3301 20 = 
2N3300, 2N3302 50 — 
(Ic = 150 mAdc, Vcg = 10 Мас)(1) 2N3299, 2N3301 40 120 
2N3300, 2N3302 
(с = 500 mAdc, Vcg = 10 Vdc)(1) 2N3299, 2N3301 
2N3300, 2N3302 


Collector-Emitter Saturation Voltage 150 тАас, Ip 
300 mAdc, Ів 


(Ic = 500 mAdc, Ів 


15 mAdc) VCE(sat) 
30 mAdc) -- 
50 mAdc) 


ІІ 


Base-Emitter Saturation Voltage (Іс = 150 mAdc, Ів = 15 mAdc) VBE(sat) 
(Ic = 300 mAdc, Ің = 30 mAdc) = 
(Ic = 500 mAdc, lg = 50 mAdc) 


Base Emitter Voltage (lc = 150 mA, МСЕ = 10 V) VBE(on 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (lc = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 

Output Capacitance (Vcg = 10 Мас, lg = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vcc = 25 Мас, lc = 300 mAdc, въ = 30 mAdc) 


Turn-Off Time (Vcc = 25 Мас, lc = 300 тАсс, въ = !g2 = 30 mAdc) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-96 


2N3307 
2N3308 


CASE 20, STYLE 10 
MAXIMUM RATINGS TO-72 (TO-206AF) 


"ColectorEminerVotage | veso | s | 

"colletorEmiterVotage — — — | vees | № | 

[CotectorBase оше — | veso | 4» | 
ЕС 


Emitter-Base Voltage 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C пре: 


Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 1.71 mW/°C 


Operating and Storage Junction TJ, Tstg —65 to +200 "С 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symboli | Ма | Mex | umt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 2.0 mAdc, Ів = 0) 2N3307 
2N3308 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Collector-Emitter Breakdown Voltage V(BR)CES 


(lc = 10 џАдс, УВЕ = 0) 2N3307 
2N3308 


Collector-Base Breakdown Voltage(1) V(BR)CBO 


(Ic = 10 „Adc, lg = 0) 2N3307 
2N3308 


Emitter-Base Breakdown Voltage 
(IE = 10 „Adc, Іс = 0) 
Collector Cutoff Current 


(Vcg = 15 Мас) 
(Усв = 15 Мас, Т = 150°C) 2N3307 


ON CHARACTERISTICS 


DC Current Gain 
(МСЕ = 10 Мас, Ic = 2.0 mAdc) 2N3307 
2N3308 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 3.0 mAdc, Ів = 0.6 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 3.0 mAdc, Ip = 0.6 mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 10 Мас, lc = 2.0 mAdc, f = 100 MHz 


Maximum Frequency of Operation 
(Vcg = 10 Мас, Ic = 2.0 mAdc) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 0.1 MHz 2N3307 
2N3308 


Small-Signal Current Gain 


(МСЕ = 10 Мас, Іс = 2.0 тАдс, f = 1 kHz) 2N3307 
2N3308 


Collector Base Time Constant 
(Vcg = 10 Мас, [С = 2.0 тАдс, f = 31.8 MHz) 2N3307 
2N3308 
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2N3307, 2N3308 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol 


Noise Figure 
(Vcg = 10 Мас, Ic = 2.0 mAdc, f = 200 MHz) 2N3307 
2N3308 


SWITCHING CHARACTERISTICS 


Power Gain(2) 
(МСЕ = 10 Мас, lc = 2.0 mAdc, f = 200 MHz) 


Power Gain (AGC)(2) 
(УСЕ = 5.0 Мас, Іс = 20 mAdc, f = 200 MHz) 2N3307 
2N3308 


(1) Cobo is measured in guarded circuit such that the can capacitance is not included. 
(2) АСС is obtained by increasing Іс. The circuit remains adjusted for Vcg = - 10 Мас, lc = -2 mAdc operation. 


COMMON EMITTER AVERAGE SMALL POWER GAIN 


& NOISE FIGURE versus COLLECTOR CURRENT NOISE FIGURE versus FREQUENCY 


Voce = —10 Vdc TUNED AT Ic = —2 mAdc ONLY 
| =200 MHz ~ — TUNED AT EACH TEST CURRENT 
= + 
= 4 Ve |= —15Vdc — 
= 
B = Vee = —5 Vdc 
= a 
шы = 
[72] — 
5 Е 
= о 
= = 
5 ра 
= + 
ш - 2 
š = 
= 
ð 
c 1 
0 
0 -2 -4 -6 -8 -0 —12 -4 -16 —18 —20 20 30 50 70 100 200 300 500 
Іс. COLLECTOR CURRENT (mAdc) f. FREQUENCY ( MHz) 
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MAXIMUM RATINGS 


PNP NPN 
Symbol | 2N5415 | 2N5416 | 2N3439 | 2N3440 


Collector-Emitter Voltage | МСЕО | 200 | 300 | 350 | 250 | vdc | 
Collector Base Voltage | ую | zw | sw | a | xo | va | |2М39439, 2N3440 NPN 
Тенева оао — | veso | so | во | № | ro [va | |2N5415, 2N5416 PNP 
гнили с: = ПЕНИЕ E 


Collector Current — 
Continuous 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ TA = 50°C 
Derate above 50°C 


6.7 
Operating and Storage TJ, Tstg —65 to +200 °C 
Junction Temperature 
Range 


THERMAL CHARACTERISTICS 


2N3439 

Characteristic 2N3440 
Thermal Resistance, Junction to Case | Ruc | 175 | 35 | °w | 
Thermal Resistance, Junction to Ambient | Raa | 150 | 175 | w | 


JAN, ЈТХ, ЈТХУ AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(с = 50 mAdc, Ів = 0) 


*Collector Cutoff Current ICEO 
(Усе = 300 Мас, lg = 0) 
(МСЕ = 200 Vdc, Ів = 0) 


*Collector Cutoff Current ІСЕХ 
(МСЕ = 450 Мас, УВЕ = 1.5 Мас) 2М3439 
(УСЕ = 300 Мас, УВЕ = 1.5 Мас) 2М3440 


Collector Cutoff Current ІСВО 
(VcB = 175 Мас, ЈЕ = 
(Усв = 280 Мас, Ig 
(VcB = 360 Мас, |Е 
(Усв = 250 Мас, lg 


Emitter Cutoff Current 
(УЕв = 4.0 Мас, lc = 0) 2N5415 
(МЕВ = 6.0 Мас, Ic = 0) 2N5416, 2N3439, 2N3440 


ON CHARACTERISTICS(1) 


Ж | И 


DC Current Gain hrE 
(с = 2.0 mAdc, Vcg = 10 Vdc) 2N3439 
“(с = 20 mAdc, Vcg = 10 Мас) 2N3439, 2N3440 
“(Іс = 50 mAdc, МСЕ = 10 Мас) 2N5415 
2N5416 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 50 mAdc, Ів = 4.0 mAdc) 2N3439, 2N3440 
Base-Emitter Saturation Voltage VBE(sat) 
(с = 50 mAdc, lg = 4.0 mAdc) 2N3439, 2N3440 
*Indicates Data in Addition to JEDEC Requirements. 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | ми | Max Unit 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 5.0 MHz) 2N3439, 2N3440 
Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 2N5415, 2N5416, 
2N3439, 2N3440 


Input Capacitance 


(VEB = 5.0 Мас, Iç = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
(Ic = 10.0 mAdc, Vcg = 10 Мас, f = 5.0 MHz) 2N5415, 2N5416 


Real Part of Input Impedance 
(Vcg = 10 Мас, Ic = 5.0 mAdc, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
CAUTION: The sustaining voltage must not be measured on a curve tracer. (See Fig. 15.) 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


Vi 


Input PW= 10и 
Duty Cycles = 1 07 


и = 1015 


“Усс 
To Scope 
Rc пе 20 пъ NOTE: Усс and Rc adjusted for VCE (off) = 150 V and Ic 
as desired, Rg chosen for desired въ, V4 2210 V, М2 2: 8.0 V 


For tg and tp, D1 is disconnected 
and Və = 2.0 V 


For PNP test circuit, 
reverse all polarities. 


PNP NPN 


2N5415, 2N5416 | 2N3439, 2N3440 
FIGURE 2 — TURN-ON TIME 
1000, o 1000 = 

Ic/lg = 5.0 Po !c/lg = 5.0 

Ic/lg = 10 L— ic/lg 10 
* = 
Е ш 
ш > 
= Е 
= m 
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ts @ Ic/Ig = 5.0 to 10 2000 
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Ic/Ig = 5.0 
ме Ip pre 10 
ІВ1:182 

TJ = 2506 


t, TIME (ns) 
WET E TL | 

t, TIME (ns) 

38 6 
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30 
10 20 30 55 70 100 200 10 20 30 50 70 100 200 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — CAPACITANCE 
я 100 — ——— IE 
= — УСЕ = 10У 
= 70 me eee 
S. ul. 
DOCERE 
IL £ 
ЖЕ? | 
= e 
5 30 Ра = 
= ғ Е 
z 20 5 
z. рр. 
© 
= 
š PNP (MJ5415, MJ5416) 
= NPN (2м3439, 2N3440) 
ә 10 | 
Е 20 30 50 70 10 20 30 50 70 100 200 0.2 05 10 20 50 10 20 50 100 200 
Ic, COLLECTOR CURRENT (mA) VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 — THERMAL RESPONSE 
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FIGURE 7 — ACTIVE-REGION SAFE OPERATING AREA 
PNP — 2N5415, 2N5416 NPN — 2N3439, 2N3440 


Ty = 200°C de 
BONDING WIRE LIMITED 
THERMALLY LIMITED 

@ Tc = 2500 (SINGLE PULSE) 
SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW 
RATED VCEO 


TJ = 200°C 
—-—-=— BONDING WIRE LIMITED 
— — — THERMALLY LIMITED 
@ТС = 25°C (SINGLE PULSE) 
CURVES APPLY BELOW 
RATED VCEO 


am LLL == 


5.0 70 10 20 30 50 100 200 300 500 ^50 70 10 20 30 50 70 100 200 300 500 
Vce, COLLECTOR-EMITTER VOLTADE (V(LTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 8 — POWER DERATING 


Бененеы s | oa 
| — >< MAH 
EM Е 


Pp, POWER DISSIPATION (WATTS) 


80 
Tc, CASE TEMPERATURE (°C) 


PNP 
2N5415, 2N5416 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 7 is based on T (pk) = 200°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Түрк) < 2009C. Турк) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 


NPN 
2N3439 2N3440 


FIGURE 9 — DC CURRENT GAIN 
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FIGURE 10 — COLLECTOR SATURATION REGION 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 11 — "ON" VOLTAGES 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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FIGURE 13 — COLLECTOR 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 14 — BASE CUTOFF REGION 
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FIGURE 15 — CIRCUIT USED TO MEASURE MI 


SUSTAINING VOLTAGES 


Channel A 
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2N3444 For Specifications, See 2N3252 Data. 
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2N3467 
MAXIMUM RATINGS 2N3468 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C Е 
Derate above 25°C 5.71 


Total Device Dissipation @ Tc = 25°C 5.0 
Derate above 25°C 28.6 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 2N3467 
2N3468 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 
dc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, Ic = 0) 
Base Cutoff Current 
(МСЕ = -30 Мас, УВЕ = 3.0 Мас) 


Collector Cutoff Current 

(МСЕ = -30 Мас, VBE = 3.0 Vdc) 
Collector Cutoff Current 

(Усв = 30 Мас, ЈЕ = 0) 

(Vcg = 30 Мас, ЈЕ = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 150 mAdc, Vcg = 1.0 Мас) 2N3467 
2N3468 


(1С = 500 mAdc, Vcg = 1.0 Мас) 2N3467 
2N3468 


(Ic = 1.0 Аас, Vcg = 5.0 Мас) 2N3467 
2N3468 


Collector-Emitter Saturation Voltage(1) VcE(sat) 
(С = 150 mAdc, lg = 15 mAdc) 2N3467 
2N3468 


(Ic = 500 mAdc, Ів = 50 mAdc) 2N3467 
2N3468 


(Ic = 1.0 Аас, lg = 100 mAdc) 2N3467 
2N3468 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(lc = 150 mAdc, Ів = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 
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2N3467, 2N3468 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


2N3467 
2N3468 


Output Capacitance 
(Усв = 10 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 0.5 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


(ІС = 500 mA, въ = 50 mA, УВЕ = 
2.0 V, Усс = 30 V) 


Delay Time 
Rise Time 
Storage Time (Ic = 500 mA, въ = 182 = 50 mA, Vcc = 30 V) 
Fall Time 


Total Control Charge 
(Ic = 500 mA, Ів = 50 mA, Усс = 30 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


STORAGE TIME VARIATION WITH TEMPERATURE 


t’,, STORAGE TIME (ns) 


ка 
lc = 101, = 101, 


1с, COLLECTOR CURRENT (mA) 


LIMITS OF SATURATION VOLTAGE 
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500 700 1000 


SMALL-SIGNAL DEVICES 


2N3467, 2N3468 


MINIMUM CURRENT GAIN CHARACTERISTICS 


Ш 283467 


Veg = 1V 
== = Va —2V 


һы, MINIMUM CURRENT GAIN 


50 70 100 200 300 500 700 1000 


hee, MINIMUM CURRENT GAIN 
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2N3494 
2N3495 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


7 


2N3496 
2N3497 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 


TRANSISTOR 
PNP SILICON 


MAXIMUM RATINGS 


2N3494 | 2N3495 
Rating Symbol | 2N3496 | 2N3497| Unit 


Collector-Emitter Voltage УСЕО | 80 | 120 Vdc 
Collector-Base Voltage VCBO | 80 | 120 | Мас | 


Emitter-Base Voltage VEBO 4.5, Vdc 


Collector Current — Continuous lc 100 mAdc 
2N3494 | 2N3496 
2N3495 | 2N3497 
Total Device Dissipation (a TA = 25°C Pp 600 400 mW 
Derate above 25°C 3.43 2.28 mW^PC 
Total Device Dissipation @ Tc = 25°C* PD 3.0 1.2 Watts 
Derate above 25°C 17.2 6.85 mW/^C 


Operating and Storage Junction 
Temperature Range 


Ty, Tstg 


—65 to +200 


*Indicates Data in addition to ЈЕРЕС Requirements. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 иАдс IE = 0) 


Emitter-Base Breakdown Voltage 

(IE = 10 џАдс, Ic = 0) 
Collector Cutoff Current 

(Vcg = 50 Vdc, ЈЕ = 0) 

(Усв = 90 Мас, ЈЕ = 0) 
Emitter Cutoff Current 

(VBE = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 


(Ic = 100 мАас, Vcg = 10 Мас) 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 


(с = 50 mAdc, Vcg = 10 Мас) 
100 mAdc, Vcg = 10 Vdc) 


bi 


Base-Emitter Saturation Voltage 


(с = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Мас, ЈЕ = 0, = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


йс = 
Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 2N3494, 2N3496 -- 


Symbol 


V(BR)CEO 
2N3494, 2N3496 


2N3495, 2N3497 


V(BR)CBO 
2N3494, 2N3496 


2N3495, 2N3497 
V(BR)EBO 


2N3494, 2N3496 
2N3495, 2N3497 


ПЕЕ 


2N3494, 2N3496 
VCE(sat) 


2N3495, 2N3497 = 
==? 


2N3494, 2N3496 
2N3495, 2N3497 


2N3494, 2N3496 
2N3495, 2N3497 
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2N3494, 2N3495, 2N3496, 2N3497 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Input Impedance 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Output Admittance 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Real Part of Input Impedance 
(с = 20 mAdc, Vcg = 10 Мас, f = 300 MHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time 
(Усс = 30 Мас, Iç = 10 mAdc, въ = 1.0 mAdc) 
Turn-Off Time 
(Усс = 30 Мас, Іс = 10 mAdc, въ = 1в2 = 1.0 mAdc) 
(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


FIGURE 1 — TURN-ON TIME TEST CIRCUIT FIGURE 2 — TURN-OFF TIME TEST CIRCUIT 


и 
10 us < t1 < 500 из 
t2 < 10 ns 
13 = 1.0 ms 
DUTY CYCLE « 10% 


t1 x 10 us 
DUTY CYCLE « 2.0% 


FIGURE 4 — Icgo versus TA 
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Усев, COLLECTOR-EMITTER SATURATION VOLTAGE (V) 
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O COLLECTOR CURRENT ini) TA = FREE-AIR TEMPERATURE (°C) 


FIGURE 5 — hfg versus Ic FIGURE 6 — Vg versus ч. 
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УВЕ, BASE-EMITTER VOLTAGE (V) 


hrg, FORWARD CURRENT TRANSFER RATIO 
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2N3494, 2N3495, 2N3496, 2N3497 


FIGURE 7 — f; versus Ic 
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FIGURE 9 — Cjpo versus Veg 
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FIGURE 8 — Cogo versus Vcg 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 2N3498 thru 2N3501 


Мово | 100 | 150 | № | 
сво | 100 | 150 | № | 
[Veso | 60 | мас | 
“с | s | 39 | пла | 
aye Е 

5.71 mW/^C 
e E [m 

28.6 mW/°C 
THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Raa | "5 | 


Raa 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 
Derate above 25°C 


Total Device Dissipation @ Tc = 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 2N3498, 2N3499 V(BR)CEO 
(с = 10 mAdc, в = 0) 2N3500, 2N3501 


Collector-Base Breakdown Voltage 2N3498, 2N3499 V(BR)CBO 
(Ic = 10 дАдс, ЈЕ = 0) 2N3500, 2N3501 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, [С = 0) 

Collector Cutoff Current 
(Усв = 50 Мас, IE 2N3498, 2N3499 
(Vcg = 50 Мас, IE 150°C) 
(Усв = 75 Мас, ЈЕ 2N3500, 2N3501 
(Усв = 75 Мас, IE 150°C) 


Emitter Cutoff Current 
(VBE(off) = 4.0 Мас, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 


(Ic = 0.1 mAdc, Vcg = 10 Мас) 2N3498, 2N3500 
2N3499, 2N3501 


(с = 1.0 mAdc, Vcg = 10 Мас) 2N3498, 2N3500 
2N3499, 2N3501 


(с = 10 mAdc, Vcg = 10 Мас) 2N3498, 2N3500 
2N3499, 2N3501 


(С = 150 mAdc, Vcg = 10 Мас) 2N3498, 2N3500 
2N3499, 2N3501 


(с = 300 mAdc, МСЕ = 10 Мас) 2N3500 
2N3501 


500 mAdc, Vcg = 10 Мас) 2N3498 
2N3499 


VCE(sat) 
10 mAdc, lg = 1.0 mAdc) All Types 
50 тАас, в = 5.0 mAdc) All Types 
150 mAdc, Ip 15 mAdc) 2N3500, 2N3501 
300 mAdc, Ів = 30 mAdc) 2N3498, 2N3499 


пп H H 
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2N3498 thru 2N3501 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) All Types 
(с = 50 mAdc, lg = 5.0 mAdc) All Types 
(Ic = 150 mAdc, lg = 15 mAdc) 2N3500, 2N3501 
(Ic = 300 mAdc, lg = 30 mAdc) 2N3498, 2N3499 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) fT 150 — — MHz 
(ҮСЕ = 20 Мас, Ic = 20 mAdc, f = 100 MHz) 
Output Capacitance 2N3498, 2N3499 Cobo — — 10 pF 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 2N3500, 2N3501 - — 8.0 
Input Capacitance Cibo — -- 80 pF 
(УВЕ = 0.5 Мас, lc = 0, f = 100 kHz) 
Input Impedance 2N3498, 2N3500 hie 0.2 — 1.0 k ohms 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N3499, 2N3501 0.25 — 1.25 
Voltage Feedback Ratio 2N3498, 2N3500 hre — — 2.5 X 10-4 
lc = 10 Я = 1 „+ = 1.0 КН 233499, 233501 — — š 
(Ic mAdc, МСЕ 0 Vdc, f = 1.0 kHz) 3 | 40 
Small-Signal Current Gain 2N3498, 2N3500 hfe 50 — 300 — 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3499, 2N3501 75 — 375 
Output Admittance 2N3498, 2N3500 hoe — — 100 umhos 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3499, 2N3501 — — 200 
SWITCHING CHARACTERISTICS 
Delay Time 
(с = 150 mAdc, въ = 15 mAdc, Vcc = 100 Мас, Уве(он) = 2.0 Мас) 
Rise Time 
(Ic = 150 mAdc, въ = 15 mAdc, Усс = 100 Мас, VBE(off) = 2.0 Мас) 
Storage Time 
(с = 150 mAdc, въ = Ір2 = 15 mAdc, Усс = 100 Мас) 
Fall Time 
(с = 150 mAdc, въ = 182 = 15 mAdc, Усс = 100 Мас) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr = Ме!“ ftest. 


FIGURE 1 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3498 thru 2N3501 


2N3499 
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hFE, DC CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 


ПЕЕ, DC CURRENT GAIN (NORMALIZED) 
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FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3498 thru 2N3501 


2N3501 


or 


200 


ПЕЕ, DC CURRENT GAIN 
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FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 


ВЕЕ, OC CURRENT GAIN (NORMALIZED) 
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2N3498 thru 2N3501 


FIGURE 5 — “ON” VOLTAGES 
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2N3498 thru 2N3501 


hfe, SMALL SIGNAL CURRENT GAIN 


hie, INPUT IMPEDANCE (k OHMS) 


AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(УСЕ = 10 Мас, TA = 25°C, f = 1.0 kHz) 


FIGURE 8 — CURRENT GAIN 
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FIGURE 10 — INPUT IMPEDANCE 
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FIGURE 9 — OUTPUT IMPEDANCE 
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FIGURE 11 — VOLTAGE FEEDBACK RATIO 
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MAXIMUM RATINGS 2N3507 
[Rating | Symbol | 243506 | 23507) Unit | 
| Collector-Emitter Voltage | | Мсео | 40 | 50 | vac 
| Collector-Base Voltage | | сво | 6o | во | vac 

3.0 Adc 


Collector Current — Continuous lc 


Total Device Dissipation @ TA = 25°C Pp 1.0 Watt 
Derate above 25°C 5.71 mW^C 


Total Device Dissipation @ Tc = 25°C Pp 5.0 Watts 
Derate above 25°C 28.6 mW^C 


-65 to +200 


JAN, JTX, JTXV AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Мах | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 2N3506 V(BR)CEO 
(1с = 10 mAdc, pulsed, Ig = 0) 2N3507 
Collector-Base Breakdown Voltage 2N3506 V(BR)CBO 60 
(Ic = 100 „Adc, ЈЕ = 0) 2N3507 80 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 „Adc, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 40 Мас, Уев(он) = 4-0 Vdc) 2N3506 
(УСЕ = 40 Мас, Уев(он) = 4.0 Vdc, Ta = 100°C) 
(VCE = 60 Vdc, Vgp(off) = 4.0 Мас) 2N3507 
(VCE = 60 Мас, VEB(off) = 4.0 Мас, ТА = 100°C) 


Base Cutoff Current 
(УСЕ = 40 Мас, Уев(он) = 4.0 Мас) 2N3506 
(УСЕ = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3507 


ON CHARACTERISTICS 


DC Current Gain(1) 
(с = 500 mAdc, Vcg = 1.0 Мас) 2N3506 
2N3507 
(с = 1.5 Аас, Vcg = 2.0 Мас) 2N3506 
2N3507 
(с = 2.5 Adc, Vcg = 3.0 Мас) 2N3506 
2N3507 
(с = 3.0 Adc, Vcg = 5.0 Vdc) 2N3506 
2N3507 


Collector-Emitter Saturation Voltage(1) = 500 mAdc, lg = 50 mAdc) 
1.5 Adc, lg = 150 mAdc) 
= 2.5 Adc, lg = 250 mAdc) 


Base-Emitter Saturation Voltage(1) (lc = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.5 Adc, lg = 150 mAdc) 
(lc = 2.5 Аас, lg = 250 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Іс = 100 mAdc, Vcg = 5 Мас, f = 20 MHz) 


Output Capacitance (Vcg = 10 Vdc, lg = 0, f = 100 kHz) 
Input Capacitance (Уве = 3 Vdc, lc = 0, f = 100 kHz) 
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2N3506, 2N3507 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mim | мах | Unt | 


SWITCHING CHARACTERISTICS 
Delay Time ІС = 1.5 Adc, lg1 = 150 mAdc 
Vcc = 30 V, Veg = 0 V 
lc. = 1.5 Adc, Івт = lg2 = 150 mAdc 
Fall Time Vcc = 30V 
(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
SATURATION VOLTAGES SWITCHING TIMES 
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MAXIMUM RATINGS 


2N3508 
2N3509 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


Collector-Emitter Voltage 


Collector-Emitter Voltage VCES 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 


Collector Current (10 us pulse) (Peak) 


с 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Temperature —65 to +200 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case Вес 0.0875 


Thermal Resistance, Junction to Ambient RJA 0.438 °C/W 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Max | Unt | 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 Adc, Ів = 0) 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO — Vdc 
(Ic = 10 mAdc) 


Collector-Emitter Voltage 

(Ic = 10 џАдс, Ів = 0) 
Emitter-Base Breakdown Voltage 

ЧЕ = 10 Adc, Ic = 0) 
Collector Cutoff Current 

(МСЕ = 20 Мас, VEB(off) = 3.0 Vdc) 


Collector Cutoff Current 
(Vcg = 20 Vdc) Both Types 
(Vcg = 20 Мас, ТА = 150°C) 2N3508 
2N3509 


Base Cutoff Current 
(МСЕ = 20 Vdc, Уев(он) = 3.0 Мас) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 2N3508 
2N3509 


(с = 10 mAdc, VcE = 1.0 Мас, Ta = —55'C) 2N3508 
2N3509 


= 100 mAdc, Vcg = 1.0 Vdc) 2N3508 
2N3509 


Collector-Emitter Saturation Voltage (1) VCE(sat) 
(с = 10 таАдс, Ів = 1.0 mAdc) 
(с = 100 mAdc, Ів = 10 mAdc) 


Base-Emitter Saturation Voltage (1) VBE(sat) 
(Ic = 10 mAdc, |8 = 1.0 mAdc) 
(Ic = 100 mAdc, Ів = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Сава = 
(Vcg = 5.0 Мас, lg = 0, f = 140 kHz) 
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2N3508, 2N3509 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


ЛЕ ewe — [mw | 


Input Capacitance Cibo = 
(УВЕ = 1.0 Мас, Іс = 0, f = 140 kHz) 
Small-Signal Current Gain hfe 5.0 — 


(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 181 = 182 = 10 mA) 


Turn-On Time 
(Ic = 10 mA, въ = 3.0 mA, Усс = 3.0 V, Vog = 1.5 V) 


Turn-Off Time 
(с = 10 mA, 181 = 3.0 mA, 182 = 1.5 mA, Vcc = 3.0 V) 


Total Control Charge 
(Ic = 10 mA, Ip = 1.0 mA, Voc 


ІС = 100 тА, 181 = 10 mA 
ІС = 100 тА, 181 = 182 = 10 mA 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 
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2N3510 
2N3511 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


MAXIMUM RATINGS 
ааа ee 
Rating 2N3647 | 2N3648 
or NER RE NEN 
Collector-Base Voltage VcBO = 
ананын ада 
2N3647 | 2N3510 


2N3648 | 2N3511 


Total Device Dissipation @ TA = 25°C 360 mW 
Derate above 25°C 2.06 mW/°C 


Total Device Dissipation @ Tc = 25°C 2.0 Watts 
Derate above 25°C 11.43 mW^C 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


2N3647 


2N3648 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


SWITCHING TRANSISTOR 
NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 

(с = 10 mAdc, Ів = 0) 2N3510, 2N3647 

2N3511, 2N3648 

Collector-Base Breakdown Voltage V(BR)CBO 

(с = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 

(Ig = 10 дАдс, Іс = 0) 
Collector Cutoff Current 


(МСЕ = 10 Vdc, Уев(он) = 1.0 Мас) 
(УСЕ = 10 Vdc, Уев(он) = 1.0 Мас, TA = 150°C) 


Base Cutoff Current 

(МСЕ = 10 Vdc, Мов = 1.0 Мас) 
ON CHARACTERISTICS 
DC Current Gain 


(с = 1.0 тАдс, Vcg = 1.0 Мас) 2N3510, 2N3647 
2N3511, 2N3648 


(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 


(Ic = 150 mAdc, Vcg = 1.0 Мас) 2N3510, 2N3647 
2N3511, 2N3648 


(Ic = 150 mAdc, Vcg = 1.0 Мас, ТА = —55'C) 2N3511, 2N3648 
(С = 300 mAdc, МСЕ = 1.0 Мас) 2N3510, 2N3647 
(С = 500 mAdc, МСЕ = 1.0 Vdc) 2N3511, 2N3648 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
10 mAdc, lg = 1.0 mAdc) 
150 mAdc, lg — 15 mAdc) 
300 mAdc, Ів = 30 mAdc) 2N3510, 2N3647 
(Іс = 500 mAdc, Ів = 50 mAdc) 2N3511, 2N3648 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 150 mAdc, Ів = 15 mAdc) 
(Ic = 300 mAdc, Ів = 30 mAdc) 2N3510, 2N3647 
(lc 500 mAdc, Ів 50 mAdc) 2N3511, 2N3648 
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2N3510, 2N3511 / 2N3647, 2N3648 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Мас IE = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, = 100 kHz) 


Input Impedance hie 0.6 4.5 kohms 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 
re 


Voltage Feedback Ratio h -- 
(с = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 15 mAdc, Vcg = 10 Мас, f = 100 MHz) 


(lc = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Ic = 150 mA, въ = 15 mA, 
Уев = 0.5 V, Vcc = 6.0 V) 


Delay Time 


Storage Time 


(Ic = 150 мА, 181 
15 mA, Vcc = 6.0 V 


=482 = 


Fall Time 
Turn-On Time (Ic = 150 тА, въ = 15 mA, 
МЕВ = 0.5 V, Усс = 6.0 V) 
(Ic = 150 mA, Ig1 = – 82 = 
15 mA, Vcc = 6.0 V) 


Turn-Off Time 


Total Control Charge 
(Ic = 150 тА, lg = 15 mA, Vcc = 6.0 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


STORAGE TIME VARIATION 
20 


А НЕНА Је о DER 
vi Ba 


1/7, STORAGE TIME (ns) 


20 30 


50 70 100 


Ic. COLLECTOR CURRENT (mA) 


ИШПИ ШЕП 
ЕКСЕН. 
He MD gem ра =, 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


Symbol Min Max Unit 


10 ns 
8.0 


12 ns 
10 

ts 16 ns 
12 

tf — 12 ns 


LIMITS OF SATURATION VOLTAGE 


Visat), SATURATION VOLTAGE (VOLTS) 


200 300 500 ^10 


MAX Vee (sot) 
Sot ЕЕЕ 
PT LT 


а 


20 30 50 7.0 10 20 30 50 70 100 200 300 500 


Ic, COLLECTOR CURRENT (mA) 
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SMALL-SIGNAL DEVICES 


2N3510, 2N3511 / 2N3647, 2N3648 


INIMUM CURRENT GAIN CHARACTERISTICS 


МЭ канипо WOWINIW 334" 


іс. COLLECTOR CURRENT (mA) 


Ге 
B 1 Ig 


Lom 
Шет 
m 
ШЕТ” 
EXE 
ШЕ 
БЕЛЕ 
00 


minim аш ERR | 


|: ІТ ТТ, 
DEI 


Ss ——[ ri. Augue si 3 Ша 


NIV9 1N38803 WOWINIW 344 


(с. COLLECTOR CURRENT (mA) 
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2N3546 MAXIMUM RATINGS 


Symbol 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Temperature TJ, Tstg 
Temperature Range 
SWITCHING TRANSISTOR 


PNP SILICON THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case | Ruc | 045 | 
Thermal Resistance, Junction to Ambient RaJA | о | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic зубы | Mm | Me | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (1) (lc = 10 mAdc, Ів = 0) V(BR)CEO | в | — | ve | 


Collector-Base Breakdown Voltage (lc = 10 Adc, ЈЕ = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, Ic = 0) V(BR)EBO 4.5 
Base Cutoff Current (Vcg = 10 Мас, VBE(off) = 3.0 Мас) IBEV 
Collector Cutoff Current (Vcg = 10 Vdc, VBE(off) = 3.0 Мас) ІСЕХ 


Collector Cutoff Current (Vcg = 10 Vdc) ІСВО 


(Vcg = 10 Мас, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 30 120 
(С = 10 mAdc, Vcg = 1.0 Мас, ТА = —55°C) 15 = 

(с = 50 mAdc, Vcg = 1.0 Vdc) 

(с = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage (1) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(Iç = 50 mAdc, Ів = 5.0 mAdc) 
(Ic = 100 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage (1) 

(с = 10 mAdc, lg = 1.0 mAdc) 0.7 
(с = 50 mAdc, Ів = 5.0 mAdc) 0.8 
(с = 100 mAdc, lg = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 


I H | 


VCE(sat) 


VBE(sat) 


(Усв = 10 Мас, lg = 0, f = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 
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2N3546 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteristic | Symb! | ма | Me | unit | 


SWITCHING CHARACTERISTICS 


Delay Time ІС = 50 mA, въ = 5.0 mA 
VBE = 2.0 V, Усс = 3.0 V 


Ic = 50 mA, въ = Ip2 = 5.0 mA 
Vcc = 3.0 V 


Turn-Off Time 


Total Control Charge 
(с = 50 mA, Ів = 5.0 тА, Vcc = 3.0 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 FIGURE 2 
LIMITS OF SATURATION VOLTAGES STORAGE TIME BEHAVIOR 
Т 
И 
Т 
E ШЕНІ VI s 
5 ССИ s a 
š ПТ LIII E E 
= К 3 mu 
s 5 
5 ЕЗІ 
А ШШЕН ОШ 
| шін 
1с, COLLECTOR CURRENT (тА) 
Ic. COLLECTOR CURRENT (mA) 
FIGURE 3 FIGURE 4 FIGURE 5 
DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT 
EQUIVALENT TEST CIRCUIT EQUIVALENT з! CIRCUIT VBB -2У 


Vin *2V +8.7V 
оу — 
0У-Р-- PULSE WIDTH > 200 ns 
RISE TIME << 2 ns 
ву Vin -11.3М Zin = 500 


-10. 
PULSE WIDTH = 200 ns PULSE WIDTH = 200 ns ton: VBB = +3 М, Ми = -7 V 
RISE TIME < 2 ns RISE TIME « 2 ns 


toff: Vag = -4 V, Vin = +6 V 
DUTY CYCLE < 10% DUTY CYCLE < 10% BUS BB ы. 


“OSCILLOSCOPE RISE TIME < 1 ns 
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2N3546 


FIGURE 6 
MINIMUM CURRENT GAIN CHARACTERISTICS 


= — Neg ml 


hee, DC CURRENT GAIN 


0 2.0 30 50 70 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-126 


2N3634 
thru 
2N3637 


JAN, JTX AVAILABLE 
MAXIMUM RATINGS CASE 79, STYLE 1 
TO-39 (TO-39-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|22 Characteristic | Symbol | м | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 2N3634, 2N3635 
2N3636, 2N3637 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, lg = 0) 2N3634, 2N3635 
2N3636, 2N3637 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 100 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(С = 0.1 mAdc, Vcg = 10 Мас) 2N3634, 2N3636 
2N3635, 2N3637 


(С = 1.0 mAdc, Vcg = 10 Мас) 2N3634, 2N3636 
2N3635, 2N3637 


(С = 10 mAdc, Vcg = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(1С = 50 mAdc, Vcg = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(1С = 150 mAdc, Vcg = 10 Мас) 2N3634, 2N3636 
2N3635, 2N3637 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(МСЕ = 30 Мас, Іс = 30 mAdc, f = 100.MHz) 2N3634, 2N3636 


2N3635, 2N3637 
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2N3634 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Symbol Min Max Unit a 
Output Capacitance Cobo 1 == 10 pF 
(Vcg = 20 Мас, Іс = 0, f = 100 kHz) 
Input Capacitance Cibo 
(УВЕ = 1.0 Vdc, lc = 0, f = 100 kHz) 


Input Impedance hie 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3634, 2N3636 
2N3635, 2N3637 


Voltage Feedback Ratio 
(с = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3634, 2N3636 
2N3635, 2N3637 


Output Admittance 
(Ic = 10 mAdc, VCE = 


Noise Figure 
(Ic = 0.5 mAdc, Vcg = 10 Мас, Rs = 1.0 k ohms, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


10 Мас, = 1.0 kHz) 


FIGURE 1 — JUNCTION CAPACITANCE VARIATIONS 
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2N3634 


КИШ ШИШЕ ШЕ; ee eee ЫШ 
ын жн мәннен Я И КТ ТЫ ГГ ИЕН 


—— ин ee чин! ш 


=> =. чыз — 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


NORMALIZED DC CURRENT GAIN 


с. COLLECTOR CURRENT (тА) 


FIGURE 5 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 


2N3636 
Ус = 20V 


а= tose LI BE mi Lm 


hre, DC CURRENT GAIN 


1с, COLLECTOR CURRENT (mA) 
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2N3634 
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hre, DC CURRENT GAIN 
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1с, COLLECTOR CURRENT (тА) 
FIGURE 6 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


|| 2N3636-2N3637 


T, = 25°C —] 


NORMALIZED DC CURRENT GAIN 


Ic. COLLECTOR CURRENT (тА) 


FIGURE 8 — OUTPUT IMPEDANCE 


hie. INPUT IMPEDANCE (ohms) 
Noe, OUTPUT IMPEDANCE (/imhos) 


++ — -- 
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Ig, EMITTER CURRENT (mA) lg. EMITTER CURRENT (mA) 
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2N3634 


FIGURE 9 — CURRENT GAIN FIGURE 10 — VOLTAGE FEEDBACK RATIO 
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2N3634, 2N3636 


hye, CURRENT GAIN 


hie: VOLTAGE FEEDBACK RATIO (х 10“) 


50 
01 02 03 05 07 10 20 30 50 70 10 01 02 03 05 07 10 20 30 50 ET: 10 


lg, EMITTER CURRENT (mA) Ig, EMITTER CURRENT (mA) 


FIGURE 11 — SATURATION VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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FIGURE 13 — SWITCHING TIME TEST CIRCUIT 
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2N3634 


FIGURE 14 — TURN-ON TIME VARIATIONS WITH VOLTAGE — FIGURE 15 — TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN* 
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2N3647, 2N3648 For Specifications, See 2N3510 Data. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-132 


2N3677 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SILICON 


Total Device Dissipation (v TA = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage V(BR)ECS 
(С = 1.0 nA) 

Collector-Base Breakdown Voltage V(BR)CBO 
(С = 1.0 mA) 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mA) 


Emitter Cutoff Current 
(МЕВ = 30 V) 


ON CHARACTERISTICS 


Offset Voltage VEC(ofs) 
(Ig = 1.0 mA) 


Common-Collector static forward transfer ratio 
(IE = 1.0 mA, Vgc = 6.0 V) 


On series resistance 
(IB = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(Ic = 1.0 mA, Vcg = 6.0 V, f = 1.0 MHz) 


ee eee 
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2N3712 


CASE 79, STYLE 1 
TO-39 (205AD) 


MAXIMUM RATINGS 


С ше Г вина | м | Um | 
Collector-Emitter Voltage VcEO | 5 | № | 
Collector-Base Voltage VCBO | __150 | 


Emitter-Base Voltage Veso | 59 | уж | 
Collector Current — Continuous Ic | 20 | mAd | 
Total Device Dissipation @ TA = 25°C 1.0 Watts 
Derate above 25°C 5.71 mW/^C 
Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mW^C 
Operating and Storage Junction TJ, Tstg —65 to +200 © 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 30 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 uAdc, Ic = 0) 
Collector Cutoff Current 
(Усв = 75 Мас, ЈЕ = 0) 
(Vcg = 75 Мас, lg = 0, TA = 150°C) 
Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
(Ic = 30 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage(1) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N3498 for graphs. 


VCE(sat) 


Base-Emitter Saturation Voltage(1) VBE(sat) 


(с = 50 mAdc, Ів = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product fT 40 240 MHz 
(с = 30 mAdc, Vcg = 10 Мас, f = 20 MHz) 

Output Capacitance Cobo 1.0 9.0 pF 
(Усв = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 80 рЕ 
(VBE = 0.5 Мас, Ic = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 25 —- — 
(с = 30 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 

Collector Base Time Constant rb'Ce — 100 ps 
ЧЕ = 30 mAdc, Vcg = 10 Мас, f = 31.9 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N3724 
2N3725 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[Raum [зүтъш [авиа | 22725 | 
[CollectorEminer Vonage | Ую | з | so | № | 
| СоПесіог-Ваѕе Voltage | Vcgo | 50 | 80 | № 
| Emitter-Base Voltage —  — | Vego | 60 | Ve | 
| Collector Current — Continuous | — | lc | 5o таж. 
.0 Watts 
mW/°C 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 5.71 
Total Device Dissipation (v Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mW/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic | Symbol | ма | тур | Mex | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 2N3725 
2N3724 
dc 
80 


SWITCHING TRANSISTOR 


NPN SILICON 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 „Adc, VBE = 0) 2N3725 
2N3724 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, ЈЕ = 0) 2N3725 
2N3724 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 60 Мас, IE 2N3725 
(VCB = 40 Мас, ЈЕ 2N3724 
(Усв = 60 Мас, Ip 2N3725 
(Vcg = 60 Мас, lg 2N3724 


Collector Cutoff Current 
(VcE = 80 Мас, Уев 2N3725 


(УСЕ = 50 Vdc, МЕВ 2N3724 


Base Current 
(УСЕ = 50 V, Veg = 0) 2N3724 
(Усе = 80 V, Veg = 0) 2N3725 


ON CHARACTERISTICS(1) 


DC Current Gain 

(с = 10 mAdc, Vcg = 1.0 Vdc) 

(Ic = 100 mAdc, Vcg = 1.0 Мас) 

(1С = 100 mAdc, Vcg = 1.0 Мас, Ta = —55'C) 

(Ic = 300 mAdc, Vcg = 1.0 Vdc) 

(Ic = 500 mAdc, Vcg = 1.0 Мас) 

(Ic = 500 mAdc, Vcg = 1.0 Мас, TA = —55'C) 

(Ic = 800 mAdc, Vcg = 2.0 Мас) 

(Ic = 1.0 Аас, Vcg = 5.0 Мас) 

(IC = 800 mA, Vcg = 2.0 V) 2N3725 

(lc = 1.0 Ade, Vcg = 5.0 V) 2N3725 
Collector-Emitter Saturation Voltage 


(lc = 10 mAdc, Ів = 1.0 mAdc) 2N3725 
2N3724 


uon H H 
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2N3724, 2N3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


(С = 100 mAdc, IB = 10 mAdc) 2N3725 
2N3724 


(Ic = 300 mAdc, Ів = 30 mAdc) 2N3725 
2N3724 


(1С = 500 mAde, Ів = 50 mAdc) 2N3725 
2N3724 


(Ic = 800 mAdc, lg = 80 mAdc) 2N3725 


2N3724 


(Ic = 1.0 mAdc, Ів = 100 mAdc) 2N3725 
2N3724 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 100 mAdc, lg = 10 mAdc) 
(Іс = 300 mAdc, Ів = 30 mAdc) 
(ІС = 500 mAdc, Ів = 50 mAdc) 
(Ic = 800 mAdc, Ів = 80 mAdc) 
(С = 1.0 Ade, lg = 100 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 2N3725 
2N3724 


"m ww 


Input Capacitance 
Мев = 0.5 Мас, Іс = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2) fr = | ме | * ftest. 


SWITCHING CHARACTERISTICS 


Delay Time 
(Усс = 30 Мас, VBE (off) = 3.8 Мас, 


Ic = 500 mAdc, | 81 = 50 mAdc) 
(Figures 8, 10) 


(Vcc = 30 Vdc, Ic = 500 mAdc, 
181 = 1в2 = 50 mAdc) 


(Figures 9, 10) 
Turn-Off Time 


=e 
Ty = 200°C | 


= Second Breakdown Limited 


-------- Thermal Limitation 9 Tc = 2596 


__|___ Рибе Duty Cycle = 10° 
Applicable To Rated ВУСЕО 


-і-і-------- 


Іс. COLLECTOR CURRENT (АМР) 


30 40 6.0 80 10 20 30 40 60 
VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N3724, 2N3725 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN FIGURE 3 — "ON" VOLTAGES 
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IB, BASE CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCE 
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2N3724, 2N3725 


FIGURE 8 — TURN-ON TIME 


t, TIME (ns) 


td @ VBE (off) = 
VBE (off) = 
Vcc = 30 Мас 


10 20 30 50 100 200 300 500 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — SWITCHING TIME TEST CIRCUIT 


t, TIME (ns) 


Ices, COLLECTOR CUTOFF CURRENT (uA) 


FIGURE 9 — TURN-OFF TIME 


200 300 500 


1с, COLLECTOR CURRENT (mA) 


FIGURE 11 — COLLECTOR CUTOFF CURRENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


2N3734 | 2N3735 
Rating cH 2N3737 
Collector-Emitter Voltage VcEO | so | № | 
Collector-Base Voltage VCBO 


Emitter-Base Voltage x NEN 


2N3734 | 2N3736 
2N3735 | 2N3737 


1.0 0.5 
5:71 2.86 


Collector Current — Continuous 


Pp 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation (а Tc = 25°C Pp 4.0 2.0 Watts 
Derate above 25°C 22.8 11.4 mW/°C 
Operating and Storage Junction TJ, Tstg -65 to +200 °C 


Temperature Range 
THERMAL CHARACTERISTICS 


2N3734 | 2N3735 
Characteristic Symbol | 2N3736 rä ЕСЕ 
Thermal Resistance, Junction to Case Вејс | 0.088 | 088 | “Ст | 
Thermal Resistance, Junction to Ambient | Квуд 0.35 | °Cimw 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2N3734 
2N3735 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


2N3736 


2N3737 


CASE 26, STYLE 1 
TO-46 (TO-206AD) 


GENERAL PURPOSE TRANSISTOR 
NPN SILICON 


Refer to 2N3725 for graphs. 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(lc = 10 mAdc, Ів = 0) 


2N3734, 2N3736 


2N3735, 2N3737 
[E 


Collector-Base Breakdown Voltage 
(Ic = 10 „Adc, ЈЕ = 0) 


2N3734, 2N3736 
2N3735, 2N3737 


— Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 


Collector Cutoff Current 


(VcE = 25 Vdc, Veg = 2 Vdc) 2N3734, 2N3736 
(VCE = 25 Мас, МЕВ = 2 Мас, Ta = 100°C) 
(VCE = 40 Мас, МЕВ = 2 Мас) 2N3735, 2N3737 
(УСЕ = 40 Vdc, Veg = 2 Мас, TA = 100°C) 


Base Cutoff Current 
(VcE = 25 Мас, Veg = 
40 Мас, VEB = 


ON CHARACTERISTICS 


DC Current Gain(1) 

10 mAdc, МСЕ = 
150 mAdc, Vcg = 1 Мас) 
500 mAdc, Vcg = 1 Мас) 
1 Adc, Усе = 1.5 Мас) 


2N3734, 2N3736 
2N3735, 2N3737 


2 Vdc) 


lN H 


1 Vdc) 


КЁ i 


2N3734, 2N3736 
2N3735, 2N3737 


2N3734, 2N3736 
2N3735, 2N3737 


= 1.5 Аас, Vcg = 5 Мас) 


Collector-Emitter Saturation Voltage(1) 
10 mAdc, Ів = 1 mAdc) 
150 mAdc, IB = 15 mAdc) 


500 mAdc, lg = 50 mAdc) 
1 Adc, lg = 100 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, lg = 1 mAdc) 
(с = 150 mAdc, Ів = 15 mAdc) 
(ІС = 500 mAdc, lg = 50 mAdc) 
(Ic = 1 Ade, IB = 100 mAdc) 


y H H H 


n w wow 


Symbol 


V(BR)CEO 


pAdc 


VCE(sat) 


VBE(sat) 
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MOTOROLA SEMICONDUCTORS 


2N3734, 2N3735, 2N3736, 2N3737 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


М Т =  —Í—— ama m [ Ma NE | 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 


(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 V, VBE(off) = 2.0 V, lc = 1.0 Amp, Ig1 


Turn-Off Time 


(Усс = 30 V, VBE(off) = 2.0 У, lc = 1.0 Amp, въ = 


Total Control Charge 
(Ic = 1 Amp, Ів = 100 mA, Усс = 30 V) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


100 mA) 


100 mA) 
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а, 


10 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 2N3742 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Emitter-Base Voltage 


Collector Current — Continuous Ic | 5 | mad | 

Total Device Dissipation @ TA = 25°C 1.0 Watt 
Derate above 25°C 5.71 mW/^C 

Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 тМм//?С 
Operating and Storage Junction Ty, Tstg —65 to +200 G 

Temperature Range 
THERMAL CHARACTERISTICS 


| Charactersit | | Symbol | | Max | Umt | 
Thermal Resistance, Junction to Case | Rac | 35 | “w | 
Thermal Resistance, Junction to Ambient RaJA 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 haracteristic —  — зута | Мп | Me | ом | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(С = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, |с = 0) 

Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 200 Мас, ЈЕ = 0) 
(Vcg = 200 Мас, lg = 0, ТА = 100°C) 


Emitter Cutoff Current 
Мев = 6.0 Мас, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 3.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, VcE = 10 Мас) 
(С = 50 mAdc, Vcg = 20 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 30 mAdc, Ів = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Output Capacitance 

(Усв = 10 Мас, lp = 0, f = 100 kHz) 
Input Capacitance 

(Veg = 0.5 Мас, Іс = 0, = 100 kHz) 


Input Impedance 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Voltage Feedback Ratio 
(с = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 10 mAdc, Vcg = 10 Vde, f = 10 kHz) 
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2N3742 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Output Admittance 


(Ic = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Real Part of Input Impedance 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 5.0 MHz) 


(1) Pulse Test: Pulse Width « 30 us, Duty Cycle = 1.0%. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) fT is defined as the frequency at which |hre| extrapolates to unity. 


FIGURE 1 — DC CURRENT GAIN 
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2N3743 


JAN, JTX AVAILABLE 
CASE 79, STYLE 1 


MAXIMUM RATINGS TO-39 (TO-205AD) 


Rating 


Collector-Emitter Voltage 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C | | 5.7 
Total Device Dissipation @ Tc = 25°C 5.0 Watts 
28.6 mW/°C 


Derate above 25°C 


Operating and Storage Junction 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Temperature Range 
Characteristic | Symbo | Ма | Mex | Unt | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 дАдс, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(Усв = 200 Мас, ЈЕ = 0) 
(Усв = 200 Мас, lg = 0, TA = 100°C) 
Emitter Cutoff Current pAdc 
Мев = 3.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) 
100 wAdc, Vcg = 10 Мас) 
1.0 mAdc, Vcg = 10 Vdc) 
10 mAdc, МСЕ = 10 Мас) 
с = 30 mAdc, Vcg = 10 Мас) 
(Ic = 50 mAdc, Vcg = 20 Мас) 


Collector-Emitter Saturation Voltage(2) VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1 mAdc) 5.0 
(Ic = 30 mAdc, Ів = 3 mAdc) 8.0 
Base-Emitter Saturation Voltage(2) VBE(sat) Vde 
(Ic = 10 mAdc, Ів = 1 mAdc) 
(Ic = 30 mAdc, Ів = 3 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 20 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 1.0 Мас, Іс = 0, f = 100 kHz) 


Input Impedance 
(УСЕ = 10 V, Iç = 10 mA, f = 1 kHz) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 


Voltage Feedback Ratio 
(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 


Small-Signal Current Gain 
(МСЕ = 10 V, Ic = 10 mA, f = 1 kHz) 
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2N3743 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. "вы 


Characteristic 


Current Gain — High Frequency 
(с = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Output Admittance 
(УСЕ = 10 V, Ic = 10 mA, f = 1 kHz) 
Real Part of Input Impedance 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 5 MHz) 
(1) PW = 30 us, Duty Cycle = 1.0%. 
(2) PW = 300 из, Duty Cycle = 2.0%. 


C, CAPACITANCE (pF) 


hee, DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 
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SMALL-SIGNAL DEVICES 


2N3743 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 


hre, DC CURRENT GAIN 


1с, COLLECTOR CURRENT (mA) 
COLLECTOR-EMITTER SATURATION VOLTAGE BASE-EMITTER SATURATION VOLTAGE 
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2N3743 


FORWARD TRANSFER МИТЕ OUTPUT ADMITTANCE 
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MAXIMUM RATINGS 


2N3762 | 2N3763 
Rating Symbol | 2N3764 | 2N3765 
Collector-Emitter Voltage VCEO esu [we 


Collector-Base Voltage VCBO 


2N3762 
2N3763 


JAN, JTX, JTXV AVAILABLE 


CASE 79, STYLE 1 
TO-39 


Emitter-Base Voltage 


Collector Current — Continuous 


2N3762 | 2N3764 
2N3763 | 2N3765 


1.0 0.5 Watt 
5.71 2.86 mW^/C 
4.0 2.0 Watts 
22.8 11.4 mW/^/C 
-65 to +200 Ku 
4 235 "С 
1/16" from Case for 10 Seconds 
THERMAL CHARACTERISTICS 


2N3762 
Characteristic 2N3763 | 2N3765 
Thermal Resistance, Junction to Case Вејс 44 °C/W 
см 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 


Temperature Range 


Lead Temperature 


2N3764 


2N3765 


CASE 26, STYLE 1 
TO-46 


SWITCHING TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(С = 10 mAde, lg = 0) 2N3762, 2N3764 40 
2N3763, 2N3765 60 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 10 „Adc, Ip = 0) 2N3762, 2N3764 
2N3763, 2N3765 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 uAdc, Ic = 0) 


Collector Cutoff Current 
(МСЕ = 20 Мас, Veg = 2.0 Мас) 2N3762, 2N3764 
(VcE = 20 Мас, Veg = 2.0 Мас, TA = 100°C) 
(УСЕ = 30 Vdc, Veg = 2.0 Vdc) 2N3763, 2N3765 
(УСЕ = 30 Мас, Veg = 2.0 Мас, ТА = 100°C) 


Base Cutoff Current 
(VcE = 20 Vdc, Уев = 2.0 Vdc) 2N3762, 2N3764 
(VcE = 30 Мас, Veg = 2.0 Мас) 2N3763, 2N3765 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 150 mAdc, Vcg = 1.0 Мас) 
(С = 500 mAdc, Vcg = 1.0 Мас) 
(Ic = 1.0 Adc, VcE = 1.5 Vdc) 2N3762, 2N3764 
2N3763, 2N3765 


(lc = 1.5 Adc, УсЕ = 5.0 Мас) 2N3762, 2N3764 
2N3763, 2N3765 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 150 mAdc, lg = 15 mAdc) 
(ІС = 500 mAdc, Ів = 50 mAdc) 
(с = 1.0 Adc, Ів = 100 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 150 mAdc, Ів = 15 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(с = 1.0 Аас, lg = 100 mAdc) 
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2N3762, 2N3763, 2N3764, 2N3765 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol | Ма | Мах | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 100 kHz) 


Current Gain — High Frequency 
(Ic = 50 mAdc, Усе = 10 Мас, f = 100 MHz) 2N3762, 2N3764 
2N3763, 2N3765 


SWITCHING CHARACTERISTICS 


Усс = 30 V, Мвецет = 2.0 V, 


Total Control Charge 
(Ic = 1.0 Amp, Ів = 100 mA, Усс = 30 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


“ON” CONDITION CHARACTERISTICS 
DC CURRENT GAIN 


hre, CURRENT GAIN 


ШЕ = 
HT 


Ic, COLLECTOR CURRENT (mA) 
COLLECTOR SATURATION REGION 


This graph shows the effect of base current on collector current. Во (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and с (forced gain) is the ratio of 1с ве in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (laz) tognsure saturation at a temperature of 
25°C and a collector of 500 mA. 

Observe that at Ic = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that hee @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for “worst-case” design). 


Усе, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N3762, 2N3763, 2N3764, 2N3765 
“0М” VOLTAGES 


"ОМ" VOLTAGE (VOLTS) 


[p L. L d ee = 
01 Se | ТП 

50 100 20 300 500 
(с, COLLECTOR CURRENT (mA) 


TURN-ON TIME 


1002 


PW = 200 ns 
RISE TIME = 2 ns 
DUTY CYCLE = 2% = 


LARGE SIGNAL CHARACTERISTICS 


TRANSCONDUCTANCE 


| 7d 


Ic, COLLECTOR CURRENT (mA) 


0.4 
Уве, BASE-EMITTER VOLTAGE (VOLTS) 


1.0 


= Р-НЕ НН 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


TEMPERATURE COEFFICIENTS 


COEFFICIENT (mV/ °C) 


Ic, COLLECTOR CURRENT (mA) 


TURN-OFF TIME 


10 < t, < 500 us 
t; < 10ns 
t> lus 


DUTY CYCLE < 2% 


300 
SCOPE 


“OFF” CONDITION CHARACTERISTICS 


TRANSCONDUCTANCE 
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0.3 
Уве, BASE-EMITTER VOLTAGE (VOLTS) 
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2N3762, 2N3763, 2N3764, 2N3765 


INPUT ADMITTANCE EFFECT OF BASE-EMITTER RESISTANCE 
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Іһ, BASE CURRENT (mA) 
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—T,-25'C SWITCHING CHARACTERISTICS == T,=150°C 
TURN-ON TIME RISE AND FALL TIME 
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2N3762, 2N3763, 2N3764, 2N3765 


STORAGE TIME 


t’,, STORAGE TIME (ns) 


200 300 500 1000 
Қы COLLECTOR CURRENT (mA) 


10 


CHARGE DATA 


НЕ 
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Q, CHARGE (nC) 
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ШЕТ 
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te, FALL TIME (ns) 


CAPACITANCE (pf) 


FALL TIME 
TEM at I er 


RECOM 8 TH 
n o 


ЕГЕРЬ ессен! 
РЕК НЕЕ 


BECAS NISS OME 


И, ШШЕ Ре) 


100 
1с, COLLECTOR CURRENT (mA) 


CAPACITANCE 


10 20 5.0 
REVERSE BIAS (VOLTS) 


0.5 10 
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2N3762, 2N3763, 2N3764, 2N3765 


ACTIVE REGION SAFE OPERATING AREAS 


Ic, COLLECTOR CURRENT (AMPS) 


05 The Safe Operating Area Curves indicate Ic — МСЕ limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 

03 temperature and duty cycle, these curves can be used as long 
as the thermal resistance (max rating table) is also taken into 

02 consideration to insure operation below the maximum 
junction temperature. 

01 
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Усе, COLLECTOR EMITTER VOLTAGE (VOLTS) 
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| 


2837653 283765 — 


SMALL-SIGNAL DEVICES 


2N3798 
2N3799 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 60 
0 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Collector Current — Continuous Ic 50 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 01 | “Сту | 
Thermal Resistance, Junction to Ambient | Raa | 049 | mw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x сю | бут | min | тур | Mex | Umi | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 2N3798, 2N3799 


Collector-Base Breakdown Voltage V(BR)CBO 60 
(Ic = 10 „Adc, ЈЕ = 0) 2N3798, 2N3799 


Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
(IE = 10 „Adc, Іс = 0) 


Collector Cutoff Current ІСВО 
(Vcg = 50 Мас, ЈЕ = 0) 

(Vcg = 50 Мас, lg = 0, ТД = 150°C) 
Emitter Cutoff Current 
(VBE = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 1.0 дАдс, УСЕ = 5.0 Мас) 2N3799 


B GER 
— ава 


2N3798 
2N3799 


(Ic = 10 „Adc, Мсе = 5.0 Мас) 


2N3798 
2N3799 


(С = 100 иАдс, Vcg = 5.0 Мас) 


5.0 Vdc, TA = —55'C) 2N3798 
2N3799 


(с = 100 „Адс, VcE 


2N3798 
2N3799 


(Ic = 500 Adc, Vcg = 5.0 Мас) 


2N3798 
2N3799 


1.0 mAdc, Vcg = 5.0 Мас) 


(Ic 


2N3798 
2N3799 


10 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 100 „Adc, lg = 10 џАдс) 


(С = 1.0 mAdc, Ig = 100 „Адс) 


Base-Emitter Saturation Voltage(1) 
(Ic = 100 „Adc, Ів = 10 дАдс) 
(Ic = 1.0 mAdc, lg = 100 дАдс) 


Base-Emitter On Voltage VBE(on) 0.7 Vdc 
(Ic = 100 дАдс, МСЕ = 5.0 Мас) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


VBE(sat) 
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2N3798, 2N3799 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteriste | Symb! | Min | тур | Mex | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 500 „Adc, Vcg = 5.0 Мас, f = 30 MHz) 
= 5.0 Vdc, f = 100 MHz) 


(Ic = 1.0 mAdc, Усе 


Output Capacitance 
(Vcg = 5.0 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3798 
2N3799 
Voltage Feedback Ratio 
(Ic = 1.0 mAdc, УСЕ = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3798 
2N3799 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 дАдс, Vcg = 10 Мас, Rg = 3.0 k ohms), 
f = 100 Hz, B.W. = 20 Hz 2N3798 
2N3799 


Spot 
f = 1.0 kHz, B.W. = 200 Hz 2N3798 
Noise 2N3799 


= 10 kHz, B.W. = 2.0 kHz 2N3798 
2N3799 


Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 2N3798 
2N3799 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr is defined as the frequency at which |һе| extrapolates to unity. 


SPOT NOISE FIGURE 
(УСЕ = 10 Мас, TA = 25°C) 


FIGURE 1 — SOURCE RESISTANCE EFFECTS, f = 1.0 kHz FIGURE 2 — SOURCE RESISTANCE EFFECTS, f = 10 Hz 
= š 
= ш 
Е = 
ы = 
= 2 
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MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-154 


2N3798, 2N3799 
i FIGURE 4a — TYPICAL CURRENT 
FIGURE 3 — FREQUENCY EFFECTS GAIN CHARACTERISTICS—2N3798 
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2N3946 
2N3947 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 


Symbol 


Value 


УСЕО 
Усво 


Emitter-Base Voltage m | 60 | 
Collector Current — Continuous | 200 ~ 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc) 


Collector-Base Breakdown Voltage 
(Ic = 10 рАас, ЈЕ = 0) 


V(BR)CEO 


V(BR)CBO 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 џАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 40 Мас, Уов 
(УСЕ = 40 Vdc, Уов 
Base Cutoff Current 

(Vcg = 40 Мас, Уов 


ON CHARACTERISTICS 


3.0 Vdc) 


II 


3.0 Vdc) 


3.0 Vdc, TA = 150°C) 


V(BR)EBO 


DC Current Gain(1) 


(Ic = 50 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


2N3946 
2N3947 


VCE(sat) 


VBE(sat) 


hFE = 


(с = 0.1 mAdc, Vcg = 1.0 Мас) 2N3946 30 = 
2N3947 60 = 
(С = 1.0 mAdc, Vcg = 1.0 Мас) 2N3946 45 - 
2N3947 90 = 
(с = 10 тАдс, Vcg = 1.0 Мас) 2N3946 50 150 
2N3947 100 300 


Current-Gain — Bandwidth Product fT MHz 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 2N3946 250 = 
2N3947 300 — 

Output Capacitance Cobo — 4.0 pF 


(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


2N3946, 2N3947 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


— ағ [авва [и 


Input Capacitance eo = 
(УВЕ = 1.0 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Voltage Feedback Ratio 
(с = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Small Signal Current Gain 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Output Admittance 


(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Collector Base Time Constant 
(С = 10 mA, Vcg = 20 V, f = 31.8 MHz) 


Noise Figure 
(с = 100 pA, Vcg = 5.0 V, Ва = 1.0 КО, f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time Vcc = 3.0 Мас, Мов = 0.5 Мас, 
ІС = 10 mAdc, въ = 1.0 mA 


Vcc = 3.0 V, lc = 10 mA, 2N3946 
2N3947 


ІВ1 = ІВ2 = 1.0 mAdc 


(1) Pulse Test: PW = 300 ys, Duty Cycle = 2%. 


TYPICAL SWITCHING CHARACTERISTICS 
A7 25°C unless otherwise noted) 


DELAY AND RISE TIME RISE TIME 


Г ILRIITIIIDUI ТТТ I 
LN I NL С ДАЈЕ "аа Vcc = 15 Volts 
ia 
` lc/lg =10 

— Т, =25°C 

2 == T) =150°C 
z Е 
+ z 
= 

10 20 30 50 70 10 20 30 50 1.0 20 30 50 70 10 30 

Ic, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (mA) 
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2N3946, 2N3947 


TIME (ns) 


NF, NOISE FIGURE (db) 


STORAGE AND FALL TIMES 


2N3946 
! = -.. lc/ly = 10 +. +. 150°С 
т -——_ = 
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TURN-ON TIME EQUIVALENT TEST CIRCUIT 


DUTY CYCLE = 2% 


зізе je 


TIME (ns) 
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2N3947 


mele! у = 10----150°C 
— ci =20—-150°C 


30 50 70 10 20 3 50 
1с, COLLECTOR CURRENT (mA) 


TURN-OFF TIME EQUIVALENT TEST CIRCUIT 


DUTY CYCLE = 2% 


+3V 


Fe n< <500 ps 


*TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS 


AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 


Vesz БУ Ta = 29°С 
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NF, NOISE FIGURE (db) 


4-158 


100 200 


400 


IK 2K 4K 10K 20K 40K 100K 
R,. SOURCE RESISTANCE (OHMS) 


SMALL-SIGNAL DEVICES 


2N3946, 2N3947 


h PARAMETERS 


= 10V. Ta = 25°C. f = 1 Kc 


CURRENT GAIN OUTPUT ADMITTANCE 


ge a Еш ёа SE ELLE 
ШЕШЕ 


200 


h,, (mhos) 
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INPUT IMPEDANCE VOLTAGE FEEDBACK RATIO 


his (Kohms) 


he x 10 7* 
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іс. COLLECTOR CURRENT (mAdc) 1с, COLLECTOR CURRENT (т/с) 


CURRENT GAIN CHARACTERISTICS 
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2N3946, 2N3947 


500 
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ЕЕЕ ЕЕЕ ЕЕРЕЕ: 
УУУ ъз || 


НЕ ШІП 
CERT U 


CAPACITANCE (pF) 
Q, CHARGE (pC) 


но == 
Етиен = 
was === == 
Pt Эй шташ е 
о р SE Я Я НЕ В ва 3 на Ни 


01 02 0.5 1.0 2.0 5.0 10 20 50 1.0 20 30 50 70 10 20 30 50 
REVERSE BIAS VOLTAGE (VOLTS) їс. COLLECTOR CURRENT (mA) 
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2N3946, 2N3947 


Усе, COLLECTOR-EMITTER VOLTAGE (volts) 


“ON” VOLTAGES 


ТЕСТТЕ ОИТ 
--20396 =. 


VOLTAGE (VOLTS) 


бу, TEMPERATURE COEFFICIENT (mV/°C) 


01 02 05 10 20 5.0 10 20 50 
1с, COLLECTOR CURRENT (mA) їс. COLLECTOR CURRENT (mA) 


----------------------------------------------------------------------------------------------------------------- 
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2N3962 
2N3963 
2N3964 
2N3965 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N3798 for graphs. 


MAXIMUM RATINGS 


Rating Symbol 


Collector-Emitter Voltage VCEO 60 ETETE 
Collector-Base Voltage VCBO 60 
Emitter-Base Voltage VEBO 


Collector Current — Continuous 
Total Device Dissipation 

@ TA = 25°С 

Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


— 65 to +200 


Operating and Storage Junction TJ, Tstg 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 5.0 ma) 2N3962, 2N3965 60 — 
2N3963 80 — 
2N3964 45 = 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 10 ДА) 2N3962, 2N3965 60 — 
2N3963 80 — 
2N3964 45 = 
Collector-Base Breakdown Voltage V(BR)CBO Мас 
(Ic = 10 дА) 2N3962, 2N3965 60 — 
2N3963 80 — 
2N3964 45 


Emitter-Base Breakdown Voltage 
(lc = 10 uA) 
Collector Cutoff Current 


ICBO 
(Vce = 50 V; 2N3964 = 40 V) 2N3965, 2N3962 = 10 
(МСЕ = 70 V) 2N3963 | = 10 
Collector Cutoff Current ICES nAdc 
(МСЕ = 50 V) 2N3962 we 10 
(МСЕ = 70 V) 2N3963 — 10 
(УСЕ = 40 V) 2N3964 — 10 
(Vcg = 50 V) 2N3965 — 10 
Emitter Cutoff Current ІЕВО — 10 nAdc 
(Veg = 4.0 V) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 uA, УСЕ = 5.0 V) 


100 uA, VCE 


(Ic 5.0 V) 


5.0) 


(Ic = 1.0 mA, УСЕ 


= 10 uA, Vcg = 5.0, Ta = —55°C) 


V(BR)EBO 


2N3962, 2N3963 
2N3964, 2N3965 


2N3962, 2N3963 
2М3964, 2N3965 


2N3962, 2N3963 
2N3964, 2N3965 


2N3962, 2N3963 
2N3964, 2N3965 


MOTOROLA SEMICONDUCTORS 
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2N3962, 2N3963, 2N3964, 2N3965 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


22 ее | Symbi | м | Mex | Unt | 


(с = 1.0 mA, Vcg = 5.0 V, Ta = 100°C) 2N3962, 2N3963 a 
2N3964, 2N3965 


(С = 1.0 А, Vcg = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(С = 10 mA, Vcg = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(Ic = 50 mA, Vcg = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


50 mA, Vcg = 5.0 V, TA = —55°C) 2N3962, 2N3963 
2N3964, 2N3965 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mA, lg = 0.5 mA) 
(с = 50 mA, Ів = 5.0 mA)(1) 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ig = 0.5 mA) 
(с = 50 mA, Ів = 5.0 mA)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 5.0 V, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 V, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Voltage Feedback Ratio 
(Ic = 1.0 mA, Vcg = 5.0, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mA, Vcg = 5.0 V, f = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(Ic = 0.5 mA, Vcg = 5.0 V, f = 200 MHz) 2N3962, 2N3963 
2N3964, 2N3965 


Output Admittance 
(с = 1.0 mA, Vcg = 5.0, = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Noise Figure 
(с = 20 mA, Vcg = 5.0 V, BW = 15.7 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


(Ic = 20 uA, Vcg = 5.0 V, BW = 1.5 kHz, 2N3962, 2N3963 
f = 10 kHz, Rg = 10 kQ) 2N3964, 2N3965 


(Ic = 20 uA, Vcg = 5.0 V, BW = 150 Hz, 2N3962, 2N3963 
f = 1.0 kHz, Rs = 10 kQ) 2N3964, 2N3965 


(с = 20 uA, Vcg = 5.0 V, BW = 15 Hz, 2N3962, 2N3963 
f = 100 Hz, Rg = 10 КО) 2N3964, 2N3965 


(Ic = 20 pA, Vcg = 5.0 V, BW = 20 Hz, 2N3964, 2N3965 
f = 10 Hz, Rg = 10 kQ) 


(1) Pulse Test: PW = 300 ys, Duty Cycle = 2%. 
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2N4013 
2N4014 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 10 „Adc, Мве = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Усв = 60 Мас, lg 
(Vcg = 40 Мас, lg 
(Vcg = 60 Мас, ЈЕ = 
(Vcg = 40 Мас, ЈЕ = 
Collector Cutoff Current 


(Vce = 80 Мас, Veg = 
(МСЕ = 50 Мас, Veg = 


DC Current Gain 


їс = 10 mAdc, Vcg = 1.0 Мас) 


(ІС = 100 mAdc, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Vdc, TA = —55'C) 
(Ic = 300 mAdc, Мсе = 1.0 Vdc) 
(Ic = 500 mAdc, VCE = 1.0 Мас) 
(Ic = 500 mAdc, VCE = 1.0 Мас, ТА = —55'C) 
(Ic = 800 mAdc, VCE = 2.0 Мас) 


(Ic = 1.0 Adc, VcE = 5.0 Vde) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


(Ic = 100 mAdc, Ів = 10 mAdc) 
ЕА 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 
— Peak 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Pp 


| | 2М4013 | 2N4014 | Unit 
ю | s | Va | 
5. | во | № 
6.0 Vdc 
1.0 Adc 
2.0 
0.5 Watt 
28.6 mW/C 


1: 5 Watts 
mW^C 


Operating and Storage Junction Ty, Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Symbol 


V(BR)CEO 
2N4014 


2N4013 


V(BR)CES 
2N4014 


2N4013 


V(BR)CBO 
2N4014 


2N4013 


V(BR)EBO 


2N4014 
2N4013 
2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


VCE(sat) 
2N4014 


2N4013 


2N4014 
2N4013 
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SMALL-SIGNAL DEVICES 


2N4013, 2N4014 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


m—9 —c—c ë тво | Mm | 


(с = 300 mAdc, IB = 30 mAdc) 2N4014 
2N4013 


(Ic = 500 mAdc, Ів = 50 mAdc) 2N4014 
2N4013 


(с = 800 mAdc, Ів = 80 mAdc) 2N4014 
2N4013 


(Ic = 1.0 Adc, lg = 100 mAdc) 2N4014 
2N4013 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 100 mAdc, IB = 10 mAdc) 
(с = 300 mAdc, Ів = 30 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(С = 800 mAdc, Ів = 80 mAdc) 
(С = 1.0 Айс, lg = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 2N4014 
2N4013 


Input Capacitance 
(Veg = 0.5 Vdc, Іс = 0, f = 1.0 MHz) 


те -— CHARACTERISTICS 
| Delay Time | Time (Усс = 30 Мас, VpE(orf) = 3.8 Мас, 


Ic = 500 mAdc, въ = 50 mAdc) 
(Figures 8. 101 
(Vcc = 30 Vdc, Ic = 500 mAdc, 2М4014 


" ІВ1 = ІВ2 = 50 mAdc) 2N4013 

Fall Т 

Turn-On Time (Усс = 30 Мас, VBE(off) = 3.8 Мас, 
lc = 500 mAdc, въ = 50 mAdc) 
(Figures 8, 10) 

Turn-Off Time (Усс = 30 Мас, lc = 500 mAdc, 2N4014 
ІВ1 = ІВ2 = 50 mAdc) 2N4013 
(Figures 9, 10) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2) fr = Һеј » ftest. 


FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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2N4013, 2N4014 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 7 — CAPACITANCE 


VR. REVERSE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


2N4013, 2N4014 


FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME 
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MAXIMUM RATINGS 


2N4027/29 
Rating 2N4031/33 | Unit 
Collector-Emitter Voltage(1) VCEO | в | 


2N4026/28 
2N4030/32 
Collector-Base Voltage VCBO 
Emitter-Base Voltage 


2N4026- 
2N4029 
Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
2.0 


2N4026 thru 2N4033 


2N4026-2N4029 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


JAN, JTX, TXV AVAILABLE IN Total Device Dissipation @ Tc = 25°C Pp 


Derate above 25°C 11.4 
Operating and Storage Junction —65 to +200 °G 
к= ig mh Temperature Range 
Lead or Terminal Temperature(2) +300 eC 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


(1) Applicable 0 to 10 mA 
(2) Measured at a distance not less than 1/16" from seated surface (or case) for 60 Sec. 


AL CHARACTERISTI 
GENERAL PURPOSE TRANSISTOR | |=" "А CHARACTERISTICS 


Characteristic Symbol | TO-18 | TO-39 
PNP SILICON P : 
Thermal Resistance, Junction to Case RaJC 40 20 
Thermal Resistance, Junction to Ambient РЕЈА 
ELECTRICAL CHARACTERISTICS (Тд = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO V 
(с = 10 mA) 2N4026,28,30,32 60 — 
2N4027,29,31,33 80 == 
Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 10 pA) 2N4026,28,30,32 60 = 
2N4027,29,31,33 80 = 
Emitter-Base Breakdown Voltage М(ВВЈЕВО 5.0 — V 
(IE = 10 мА) 
Collector Cutoff Current ІСВО nA 
(Vcg = 50 V) 2N4026,28,30,32 — 50 
(Vcg = 60 V) 2N4027,29,31,33 = 50 
(Мсв = 50 V, TA = 150°C) 2N4026,28,30,32 — 50 pA 
(Усв = 60 V, Ta = 150°C) 2N4027,29,31,33 — 50 
Emitter Cutoff Current ЕВО = 10 pA 
(Veg = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 100 mA, Vcg = 5.0 V, а -55%С) 2N4026,27,30,31 
2N4028,29,32,33 
(Ic = 100 дА, Vcg = 5.0 V) 2N4026,27,30,31 
2N4028,29,32,33 
(Ic = 100 mA, Vcg = 5.0 V) 2N4026,27,30,31 
2N4028,29,32,33 


(Ic = 500 mA, VcE = 5.0 V) 2N4026,27,30,31 
2N4028,29,32,33 


1.0 A, МСЕ = 5.0 V) 2N4026,30 
2N4027,31 
2N4028,32 
2N4029,33 
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2N4026 thru 2N4033 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


ни Е теми Men | шш | 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 150 mA, Ig = 15 mA) 
(Ic = 500 mA, Ів = 50 mA) 
(Ic = 1.0A, Ів = 100 mA) 2N4026,28,30,32 


Base-Emitter On poem 
(Ic = 1.0 A, Vcg = 1.0 V) 
(с = 500 mA, Vcg = 0.5 V) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(УСЕ = 10 V, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 V, f = 1.0 MHz) 


Small Signal Current Gain 
(с = 50 mA, Vcg = 10 V, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(С = 500 mA, въ = Ір2 = 50 mA) 


Turn-On Time 


(ІС = 500 mA, въ = 50 mA) 


Fall Time 
(Ic = 500 mA, въ = 182 = 50 mA) 


(3) Pulse Width = 300 us, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


2N4036 
65 


2N 4037 Collector-Emitter Voltage VCEO 40 
(sus)(1) 

Collector-Base Voltage VCBO 90 60 

CASE 79-02, STYLE 1 Emitter-Base Voltage VEBO 7.0 7.0 
TO-39 (TO-205AD) 


Base Current 
Collector Current — Continuous 


Continuous Power Dissipation 
at or Below Tc = 25°C 
Linear Derating Factor 


Operating and Storage Junction 
Temperature Range 


Lead Temperature TL 230 © 
1/16” from Case for 10 Seconds 


-65 to +200 


GENERAL PURPOSE 
TRANSISTOR THERMAL CHARACTERISTICS 


PNP SILICON Characteristic Symbol | 2N4036 | 2N4037 | Unit | 


Thermal Resistance, Junction to Case Рајс 25 — °C/W 


(1) Must not be tested on a curve tracer. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(Ic = 100 mAdc, Ів = 0) 2N4036 65 — 
2N4037 40 == 
Collector-Base Breakdown Voltage V(BR)CBO 60 — Vdc 
(Ic = 0.1 mA dc) 2N4037 
Collector Cutoff Current ІСЕХ mAdc 
(УСЕ = 85 V, УВЕ = 1.5 V) 2N4036 — 100 
(МСЕ = 30 V, Мве = 1.5 V, Тс = 150°C) 0.1 
Collector Cutoff Current ІСВО uAdc 
(Усв = 90 V, ЈЕ = 0) 2N4036 — 100 
(VcB = 60 V, ІЕ = 0) 2N4037 0.25 
Emitter Cutoff Current ІЕВО иАдс 
(УВЕ = 7.0 Мас, Іс = 0) 2N4036 — 10.0 
(УВЕ = 5.0 Мас, Іс = 0) 2N4037 — 1.0 
ON CHARACTERISTICS 
DC Current Gain 
(с = 150 mAdc, Vcg = 2.0 V) 2N4036 
(Ic = 0.1 mAdc, Vcg = 10 V) 2N4036 
(Ic = 1.0 mAdc, Vcg = 10 V) 2N4037 


(с = 150 mAdc, Vcg = 10 V) 2N4036 
2N4037 


(Ic = 500 mAdc, VcE = 10 V) 2N4036 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mA, в = 15 mA) 2N4036 
2N4037 


Base-Emitter Saturation Voltage VBE(sat) 1.4 M 
(С = 150 mA, lg = 15 mA) 2N4036 

Base-Emitter On Voltage VBE(on) 1.5 У 
(с = 150 mA, Vcg = 10 V) 2N4037 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Усв = 10 V, f = 1.0 MHz) 2N4037 


Current Gain — High Frequency 
(с = 50 mA, Vcg = 10 V, = 20 MHz) 2N4036 
2N4037 
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2N4036, 2N4037 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


x  Chaaeersi | Symb! | Mi | Mex | Unit | 


SWITCHING CHARACTERISTICS 


Rise Time (181 = 15 mA) 2N4036 | | = | 7» | m | 
Storage Time (182 = 15 mA) 2N4036 |. | — | во | x | 
| Fall Time (82 = вм гмов | « | — | wo | m | 
ue dns O O | | ит 5 м 
Е и — —— — — Ames [| up L — |] m | s | 


CURRENT GAIN CHARACTERISTICS 
versus COLLECTOR-EMITTER VOLTAGE DISSIPATION DERATING CURVE 


өз 


ел 


|| 
Il 


е 


ПЕЕ, NORMALIZED ОС CURRENT GAIN 
PT, MAXIMUM TRANSISTOR DISSIPATION (WJ) 
> 


0.1 I 100 
Ic. COLLECTOR CURRENT (mA) CASE OR AMBIENT TEMPERATURE (Tc OR TA) -°C 


TYPICAL COLLECTOR-CUTOFF CURRENT TYPICAL SATURATION-VOLTAGE CHARACTERISTICS 


versus JUNCTION TEMPERATURE шм 
COLLECTOR CURRENT (ic) = 10 ши 


BASE CURRENT (Ig) 


= 
e 


© 


TEMPERATURE (Тд) = 25°C 


х 
= 


Ic, COLLECTOR CURRENT (mA) 


„а 
е 


1сво, COLLECTOR CUTOFF CURRENT (тА) 


-0.5 -0.15 -0.25 -0.35 
0 25 50 75 100 125 150 175 200 VCE(sat), COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 
Ty, JUNCTION TEMPERATURE (°C) 


MAXIMUM SAFE OPERATING AREAS (SOA) 


Ic MAX. 
TYPICAL SMALL SIGNAL BETA CHARACTERISTICS Кыйа) 
10 

СОЦЕСТОЯ ТО-ЕМПТЕЯ VOLTAGE 

(МСЕ) = -10 V = 

FREQUENCY = 20 MHz = 
E AMBIENT TEMPERATURE (TA) = 25°C = 
Ее š 

< 
+ - 
=5 Бо | (CURVES MUST BE DERATED LINEARLY 
зе 3 -0 | WITH INCREASE OF TEMPERATURE) 
ФЕ е 
it 9 УСЕО MAX = -65 V1 
az S [| 
== Ж (284036) 
$a | 
же Х Ж 
T LIE LE I Da 
4 - p pL NONREPETITIVE PULSE 
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2N4208 
2N4209 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) MAXIMUM RATINGS 


Rating ________ Symbol | 2N4208 | 2N4209 | Umi | 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 0.30-0.36 
Derate above 25°C 1.72-2.06 


Total Device Dissipation @ Tc = 25°C 0.70-1.2 
Derate above 25°C 4.0-6.9 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
Refer to MM4257 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristie | Symbol | ми | Te | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 3.0 mAdc, lg = 0) 2М4208 V(BR)CEO Vdc 
2N4209 

Collector-Emitter Breakdown Voltage (lc = 100 дАдс, УВЕ = 0) 2М4208 V(BR)CES 12 -- Мас 
2N4209 15 — 

Collector-Base Breakdown Voltage (lc = 100 „Adc, ЈЕ = 0) 2N4208 V(BR)CBO = Vde 
2N4209 = 


SWITCHING TRANSISTOR 


PNP SILICON 


Emitter-Base Breakdown Voltage (lg = 100 uAdc, Ic = 0) V(BR)EBO | 45 | 59 | 


6.0 Vdc, VgE 2N4208 = 
8.0 Мас, VBE 2N4209 
6.0 Мас, УВЕ 2N4208 
8.0 Мас, УВЕ 2N4209 


Collector Cutoff Current (VCE 
(VCE 

(VcE 

(VCE 

Base Current (Vcg = 6.0 Мас, VBE 2N4208 
(VcE = 8.0 Vdc, VBE 2N4209 


uy m H H 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 0.5 Мас) 2N4208 
2N4209 


(с = 10 mAdc, Vcg = 0.3 Vdc) 2N4208 30 = 120 
2N4209 


(с = 10 mAdc, Vcg = 0.3 Vdc, TA = —55'C) 2N4208 12 — — 
2N4209 


(Ic = 50 mAdc, Vcg = 1.0 Мдс)(1) 2N4208 
2N4209 


Collector-Emitter Saturation Voltage 


VCE(sat) 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 


2N4208 
2N4209 


10 mAdc, Ів 


1.0 mAdc) 2N4208 


2N4209 


(Ic 


50 mAdc, lg = 5.0 mAdc)(1) 


2N4208 
2N4209 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) = 
(Ic = 10 mAdc, lg = 1.0 mAdc) 0.75 
(Ic = 50 mAdc, lg = 5.0 mAdc)(1) = 
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2N4208, 2N4209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | ма | тур | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N4208 
2N4209 


Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
^ (Усс = 1.5 Мас, Мве =. 0, 
Delay Time Ic = 10 mAdc, lg1 = 1.0 mAdc) 


Turn-Off Time 2N4208 
(Усс = 1.5 Мас, 2N4209 


Storage Time ІС = 10 тАдс, 2N4208 
Въ = 182 = 1.0 mAdc) 2N4209 

Fall Time 2N4208 
2N4209 


Storage Time 
(Ic = 10 mAdc, 181 = 10 mAdc, Ів2 = 10 mAdc) 2N4208 
2N4209 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 
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MAXIMUM RATINGS 


[| Rating Symbol | 2N4234 | 2М4235 | 2N4236 | Unit | 
ИЕ r 


Collector-Base Voltage 
Emitter-Base Voltage 


Base Current 


2N4234 
2N4235 
2N4236 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 
25°C 
Derate above 25°C 
Total Device Dissipation (а Tc = 
25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


POWER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 2N4234 VCEO(sus) 
(Ic = 100 mAdc, Ів = 0) 2N4235 
2N4236 


Collector Cutoff oem 
(УСЕ = 30 Мас, lg = 2N4234 
(VCE = 40 Мас, Ig 2N4235 
(УСЕ = 60 Мас, Ів 2N4236 


Collector Cutoff Current 
(УСЕ = 40 Мас, УВЕ = 1. 2N4234 
(УСЕ = 60 Мас, МВЕ у 2N4235 
(МСЕ = 80 Мас, УВЕ ° 2N4236 
(УСЕ = 30 Vdc, VBE | = 150°C) 2N4234 
(Vcg = 40 Мас, МВЕ š 150°C) 2N4235 
(МСЕ = 60 Мас, МВЕ = 1.5 Мас, Тс = 150°C) 2N4236 


Collector Cutoff Current 
(Усв = 40 Мас, ЈЕ = 0) 2N4234 
(Усв = 60 Мас, ЈЕ = 0) 2N4235 
(Vcg = 80 Мас, ЈЕ = 0) 2N4236 


Emitter Cutoff Current 
(УВЕ = 7 Мас, Іс = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
100 mAdc, МСЕ = 1.0 Мас) 
250 mAdc, МСЕ 1.0 Vdc) 


500 mAdc, Vcg = 1.0 Мас) 
= 1.0 Adc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 1.0 Adc, Ів = 125 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 1.0 Айс, lg = 100 mAdc) 


Base-Emitter On Voltage 
(с = 250 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Vcg = 10 Vdc, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4234, 2N4235, 2N4236 


ELECTRICAL CHARACTERISTICS Senin’ (Ta = 25°C unless otherwise noted.) 


Output Capacitance 


(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


(1) Pulse Test: PW = 300 из, Duty Cycle = 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be observed. 


FIGURE 2 — ACTIVE-REGION SAFE OPERATING AREAS 


The Safe Operating Area Curves indi- 
cate Іс — Vcelimits below which the device 
will not enter secondary breakdown. Col- 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum Ty, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions. 
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2N4234, 2N4235, 2N4236 


Іс. COLLECTOR CURRENT (mA) 


ls, BASE CURRENT (mA) 


LARGE SIGNAL CHARACTERISTICS 


FIGURE 3 — TRANSCONDUCTANCE 
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MOTOROLA SEMICONDUCTORS 
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"ОБЕ" REGION CHARACTERISTICS 


FIGURE 5 — TRANSCONDUCTANCE 
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FIGURE 6 — EFFECTS OF BASE-EMITTER RESISTANCE 
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SMALL-SIGNAL DEVICES 


2N4234, 2N4235, 2N4236 
FIGURE 7 — CURRENT GAIN 
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SATURATION REGION CHARACTERISTICS 


FIGURE 8 — COLLECTOR SATURATION REGION 
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To compute saturation voltages: 
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2N4234, 2N4235, 2N4236 


DYNAMIC CHARACTERISTICS 


FIGURE 11 — TURN-ON TIME 
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ty, FALL TIME (дес) 
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FIGURE 13 — CAPACITANCE 


Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 14 — FALL TIME 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation 
(v TA = 25°C 

Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
*Thermal Resistance, Junction to Case 


| Unit | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


2N4237 
2N4238 
2N4239 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(с = 100 mAdc, lg = 0) 


Collector Cutoff Current 
(МСЕ = 50 Мас, Veg = 1.5 Мас) 
(УСЕ = 80 Мас, Veg = 1.5 Мас) 


(МСЕ = 100 Мас, Veg = 1.5 Vdc) 
(МСЕ = 30 Мас, Veg = 1.5 Мас, Тс = 150°C) 


(УСЕ = 50 Мас, Veg = 1.5 Мас, Тс = 150°C) 
(МСЕ = 70 Мас, Veg = 1.5 Vdc, Tc = 150°C) 


Collector Cutoff Current 
(Vcg = Rated “сво, ЈЕ = 0) 
(МСЕ = Rated VcEo, Ів = 0) 
Emitter Cutoff Current 
(VEB = 6.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 
250 mAdc, Vcg = 1.0 Vdc) 
C = 500 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 Adc, Vcg = 1.0 Мас) 
Collector-Emitter Saturation Voltage(1) 
(с = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Аас, Ів = 0.1 Adc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 1.0 Аас, Ів = 0.1 Adc) 


Base-Emitter On Voltage(1) 
(Ic = 250 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 10 Мас, Ic = 0, f = 0.1 MHz) 


Small Signal Current Gain 


(Ic = 100 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Current Gain — High Frequency 
(МСЕ = 10 V, Ic = 100 mA, f = 1 MHz) 


2N4237 
2N4238 
2N4239 


2N4237 
2N4238 


2N4239 
2N4237 


2N4238 
2N4239 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N4237, 2N4238, 2N4239 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 18 
Тс, CASE TEMPERATURE (°C) 


Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 
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SWITCHING CHARACTERISTICS 
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME 
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2N4237, 2N4238, 2N4239 


FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREAS 
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There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc — Ус limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

For this particular transistor family, the ther- 
mal curves are the limiting design values, except 
for a small portion of the dc curve. The pulse 
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TYPICAL DC CHARACTERISTICS 
FIGURE 8 — CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION 


hee, DC CURRENT GAIN 
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2N4237, 2N4238, 2N4239 


FIGURE 10 — EFFECTS OF BASE-EMITTER RESISTANCE 


Ree, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 
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FIGURE 12 — COLLECTOR CUTOFF REGION 
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FIGURE 11 — “ON” VOLTAGE 
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SMALL-SIGNAL DEVICES 


2N4260 
2N4261 


2N4261 JAN, JTX AVAILABLE 
CASE 20, STYLE 10 
TO-72 


MAXIMUM RATINGS 


Collector Current — Continuous 


SWITCHING TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristic | Symbo | Mi | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 uAdc, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 10 Мас, VBE[off) = 2.0 Vdc) 
(МСЕ = 10 Мас, VBE(off) = 2.0 Мас, Ta = 150°C) 
(УСЕ = 10 Мас, V 0.4 Мас) 


Base Cutoff Current 
(МСЕ = 10 Мас, VBE(off) = 2.0 Мас) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 1.0 Уас) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(с = 30 mAdc, Vcg = 2.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 1.0 mAdc, lg = 0.1 mAdc) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
Base-Emitter On Voltage 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 0.8 
(с = 10 mAdc, Vcg = 1.0 Мас) 1.0 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 5.0 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) 2N4260 
2N4261 


(Ic = 10 тАдс, Vcg = 10 Мас, f = 100 MHz) 2N4260 
2N4261 


Output Capacitance Cobo 
(VcB = 4.0 Мас, lg = 0, f = 100 kHz) 
Input Capacitance E 
(VBE = 0.5 Мас, Іс = 0, f = 100 kHz) 
Current Gain — High Frequency 2N4260 0 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N4261 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4260, 2N4261 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 
Collector Base Time Constant 


(Ic = 5.0 mAdc, Vcg = 4.0 Мас, f = 31.8 MHz) 2N4260 
2N4261 


(с = 10 mAdc, Vcg = 10 Мас, f = 31.8 MHz) 2N4260 
2N4261 


Typical Performance 
(Vout = 1.0 V) 


SWITCHING CHARACTERISTICS 
Fall Time 


Turn-Off Delay Time toff(delay) 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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This graph shows the effect of base current on collector voltage. 
Bo 15 the transistor current gain at the edge of saturation obtained 
from Figure 1, and 3, (forced gain) is the ratio of 12/1, in a circuit. 
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2N4260, 2N4261 
FIGURE 5 — 
CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 7 — SWITCHING TIMES 
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MOTOROLA SEMICONDUCTORS 


2N4404 
2N4405 


MAXIMUM RATINGS 
СО вино |эміе | \ше | Шш | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Рес | 2 | см | 
Thermal Resistance, Junction to Ambient | Раја | 140 | м | 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


—65to +200 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characters “әне [ме | мы [| Um | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage (lc = 10 џАдс, Ip = 0) 


Emitter-Base Breakdown Voltage (lg = 10 „Adc, Ic = 0) V(BR)EBO | 50 | - 
Collector Cutoff Current. (Vcg = 60 Vdc, lg = 0) со | — | 25 | 


Emitter Cutoff Current (УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 5.0 Мас) 2N4404 


(Ic = 10 mAdc, Vcg = 5.0 Vdc) 


(Ic 5.0 Vde)(1) 


150 mAdc, УСЕ 


500 mAdc, Vcg = 5.0 Vdc)(1) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 тАас) 

(С = 150 mAdc, lg = 15 mAdc)(1) 
(с = 500 mAdc, lg = 50 mAdc)(1) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(ІС = 500 mAdc, lg = 50 mAdc)(1) 


VCE(sat) 


VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас ЈЕ = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Vdc, Iç = 0, = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4404, 2N4405 


` ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 


SWITCHING CHARACTERISTICS 


(Усс = 30 Мас, УВЕ(о# = 2.0 Мас, 
Ic = 500 mAdc, въ = 50 mAdc) 


Delay Time 


Storage Time (Усс = 30 Мас, Іс = 500 mAdc, 


Fall Time ІВ1 = 182 = 50 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON 


+2.0 V 


—10.85 V 


PULSE WIDTH = 200 ns 
RISE TIME < 2.0 ns 
DUTY CYCLE < 2.0% 


To obtain data for curves, voltage levels are approximately as shown, Ар and В аге varied. 
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FIGURE 2 — TURN-OFF 
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FIGURE 3 — CAPACITANCES 
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FIGURE 6 — RISE TIME 
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2N4404, 2N4405 


FIGURE 7 — STORAGE TIME FIGURE 8 — FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
УСЕ = 10 Мас, TA = 25°C 


FIGURE 9 — FREQUENCY EFFECTS FIGURE 10 — SOURCE RESISTANCE EFFECTS 


Ic = 1.0 mA, Rg = 100 


++ 
| | 100 uA, Rg 680 


` Soper ва ES 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 


0.01 0.020.03 0.05 0.1 0203 05 1.0 2030 50 10 50 100 200300 500 1.0k 2.0k3.0k 5.0k 10k 20k 30k БОК 
f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (ohms) 


h PARAMETERS 
VCE =10 Vdc, f=1.0 kHz, TA = 25°С 


This group of graphs illustrates the relationship of the “h” parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number — the same units were used to develop curves on each graph. 


FIGURE 11 — CURRENT GAIN FIGURE 12 — INPUT IMPEDANCE 


hfe, CURRENT GAIN 


hie, INPUT IMPEDANCE (k OHMS) 


| - Ы 
Е НЕ TILL T LIS 


0.1 02 03 05 10 20 30 50 10 0.1 02 03 05 1.0 20 30 50 10 
Ic, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-188 


2N4404, 2N4405 


FIGURE 13 — VOLTAGE FEEDBACK RATIO FIGURE 14 — OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 
FIGURE 15 — DC CURRENT GAIN 
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FIGURE 16 — COLLECTOR SATURATION REGION 
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2N4404, 2N4405 


VOLTAGE (VOLTS) 


FIGURE 17 — “ON” VOLTAGES 
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FIGURE 18 — TEMPERATURE COEFFICIENTS 
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RATINGS AND THERMAL DATA 
FIGURE 19 — SAFE OPERATING AREA 
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The safe operating area curves indicate Ic VcE 
limits of the transistor that must be observed for re- 
liable operation. Collector load lines for specific cir- 
cuits must fall below the limits indicated by the ap- 
plicable curve. 

The data of Figure 19 is based upon Тир к) = 
200°C; Tc is variable depending upon боа, 
Pulse curves are valid for duty cycles to 10% pro- 
vided Турк) 3 < 200°C. Тр к) May be calculated 
from the data in Figure 20. At high case tempera- 
tures, thermal limitations will reduce the power that 


r4 сап be handled to values less than the limitations im- 


posed by second breakdown. 


00 


SMALL-SIGNAL DEVICES 


2N4406 
2N4407 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Collector-Base Voltage Усво 


| 8 | уе | 
80 уас 

Emitter-Base Voltage 
| 20 | Amps | 
NE NE 

7.15 mW/°C 
Í 

50 mW/°C 


*Collector Current — Continuous* 


Total Device Dissipation @ Ta = 25°C* 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


ОО С О [| = [| xa ] 
ee —— — — [unm] € | c | Sb | 
ГТГ ТЧ — à 9 ЗВ | — | we | 
Collector Cutoff Current (Vcg = 60 Мас, IE = 0) | (ао | — | 25 | ға | 
Emitter Cutoff Current (УВЕ = 3.0 Vdc, Ic = 0) | Ево | — | 2 | пас | 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 2N4406 
2N4407 


(Ic = 150 mAdc, Vcg = 5.0 Мас) 2N4406 
2N4407 


(Іс = 500 mAdc, Vcg = 5.0 Vdc) 2N4406 
2N4407 


(с = 1.0 Аас, Vcg = 5.0 Мас) 2N4406 
2N4407 


= 1.5 Аас, Vcg = 5.0 Мас) 2N4406, 2N4407 


10 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 
(С = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 
(с = 1.5 Аас, lg = 150 mAdc) j 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
= 150 mAdc, lg = 15 mAdc) — 
1.0 Adc, Ів = 100 mAdc) 
1.5 Adc, lg = 150 mAdc) 


0.9 
Base-Emitter On Voltage VBE(on) = мас 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(VcB = 10 Vdc, lg = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4406, 2N4407 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


| Charaeterstit — | Symbol | Ма | Mex | Unt | 


SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, УвЕ(оћ) = 2.0 Мас, 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 
*Indicates Data in addition to ЈЕРЕС Requirements. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4406, 2N4407 


STATIC CHARACTERISTICS 
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 5 — SAFE OPERATING AREA 
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z = transistor that must be observed for reliable operation. Collector 
= шы asi load lines for specific circuits must fall below the limits indicated 
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e 
= 0. HHHH -N The data of Figure 5 is based upon TJ(pk) = 200°C; Tc is 
5 02 Ty = 200°C variable depending upon conditions. Pulse curves are valid for 
5 — E ARUM CIMITER duty cycles to 10% provided Турк) = 200°C. At high case tem- 
2 ——— THERMALLY LIMITED G peratures, thermal limitations will reduce the power that can be 
3 Tc = 25°C (SINGLE PULSE) CL handled to values less than the limitations imposed by second 
~ 0.07 - breakdown 
| [IN i 
0.05 CURVES APPLY BELOW 
0.03 RATED УСЕО 
1.0 2.0 3.0 50 70 10 20 30 50 70 100 
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-193 


2N4406, 2N4407 


TRANSIENT CHARACTERISTICS 


FIGURE 7 - CAPACITANCES 
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FIGURE 9 - TURN-ON TIME 
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FIGURE 8- CHARGE DATA 
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FIGURE 10- TURN-OFF TIME 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 11- TURN-ON TIME 
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2N4453 For Specifications, See 2N869A Data. 


2N4890 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Symbol | Маше | Unit | 
Collector-Emitter Voltage УСЕО | 40 | уж | 


Collector-Base Voltage VCBO 


Emitter-Base Voltage 
Collector Current — Continuous 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Го 2 ән — — EINE] [мее] 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (Іс = 100 „Adc, Ів = 0) 


Collector-Emitter Breakdown Voltage (lc = 10 mAdc, ВВЕ = 10 ohms) V(BR)CER NOME CHA OA 
Collector-Base Breakdown Voltage (lc = 100 „Adc, ЈЕ = 0) V(BR)CBO E NE = 


Collector Cutoff Current (Vcg = 60 Мас, T = 1.5 Vdc) 
Base Cutoff Current (Vcg = 60 Vdc, VpgE(off) = 1.5 Мас) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mAdc, Vcg = 2.5 Мас) 
(Ic = 150 mAdc, Vcg = 10 Мас) 

“(Іс = 500 mA, Vcg = 5 Уас(1) 


Collector-Emitter Saturation Voltage VCE(sat) 0.12 Vde 
(Ic = 150 mAdc, lg = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 1.7 Vdc 
(Ic = 150 mAdc, Ів = 15 mAdc) 

Base-Emitter On Voltage VBE(on) 0.74 17 Vdc 
(с = 150 mAdc, Vcg = 2.5 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


(Усс = 30 Мас, VBE(off) = 0.8 Мас, 
lc = 150 mAdc, въ = 15 тАдс) 


| ll 


(Vcc = 30 Vdc, lc = 150 mAdc, 
въ = 182 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
*|ndicates Data in Addition to ЈЕРЕС Requirements. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-195 


2N4924 


2N4925 MAXIMUM RATINGS 
Г | symbol |2N4924 | 2nsoas | іі 
sn se sal NE EN m 
150 
NEN NM 


Emitter-Base Voltage VEBO 


Collector Current — Continuous |— | кё | 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C Е ~ 
Total Device Dissipation @ Tc = 25°C 5.0 
Derate above 25°C 28.6 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SILICON THERMAL CHARACTERISTICS 


| Characteristic || Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Рес | æ | w | 
Thermal Resistance, Junction to Ambient 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(ІС = 10 mAdc, Ів = 0) 2N4924 100 
2N4925 150 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 2N4924 100 
2N4925 150 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 uAdc, [С = 0) 
Collector Cutoff Current 


(Vcg = 50 Мас, ЈЕ = 0) 
(Vcg = 75 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 

DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 
(с = 10 тАдс, УСЕ = 10 Мас) 
(с = 150 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(Iç = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter On Voltage 
(lc = 50 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 
(с = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 20 Мас, lg = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(Veg = 1.0 Мас, Ic = 0, f = 140 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% 
(2) fr = че! € ftest. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4926 
2N4927 


MAXIMUM RATINGS 


бейесонтищег vonage | voeo | 200 | 250 | № | 
[ Coliector:Base Моле | veeo | 200 | 
Emitter-Base Voltage 7.0 Vdc 
Collector Current — Continuous | ic | 5o | mae | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (а Тс = 25°C 5.0 Watts 
Derate above 25°C 28.6 mW^C 


Operating and Storage Junction 
Temperature Range 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Ма | unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) Vdc 
(с = 10 mAdc, Ів = 0) 2N4926 
2N4927 
Collector-Base Breakdown Voltage Vdc 
(Ic = 01 mAdc, Ic = 0) 2N4926 
2N4927 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
ЧЕ = 0.1 тАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 100 Мас, ЈЕ = 0) 2N4926 
(Усв = 100 Мас, lp = 0, TA = 100°C) 
(VcB = 150 Мас, ЈЕ = 0) 2N4927 
(Vcg = 150 Мас, Іс = 0, Ta = 100°C) 


3.0 mAdc, Vcg = 10 Мас) 
10 mAdc, Vcg = 10 Vdc) 
30 mAdc, Vcg = 10 Мас) 
(lc = 50 mAdc, Vcg = 20 Мас) 


Collector-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 


VCE(sat) 1.0 Vdc 
2.0 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 


VBE(sat) Vdc 
(с = 50 mAdc, Ів = 3.0 mAdc) 
Base-Emitter On Voltage (Іс = 30 mAdc, Vcg = 10 Vdc) Vlog | — | 15 | vd | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (ІС = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) | fr | з | 300 | MHz | 


|оопедогВаве Сарвопапев (уда = 20 Vdc ог жөне | oe | | 
Пари итредавсв (с = 10 mAde, Veg = 0941-1040 | ne _| m | 29 | ом | 
[Voltage Feedback Ratio (с = 10 made, Усе = 10 Vas - ок — | me | or | 20 | хо | 
Гота-5 а Curent Gain (с = 10 mAde, Vog = Ve t= лома | he | æ | 2 | — | 


Output Admittance (Іс = 10 mAdc, Vcg = 10 Мас, f = 1.0 kHz) has | 50 | umhos | 


Real Part of Input Impedance (Іс = 10 mAdc, Vcg = 20 Мас, f = 5.0 MHz) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


о 
ии 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N4928 
thru 
2N4931 


MAXIMUM RATINGS 
| Rating — — |Svmbol | 2М4928 | 2N4929 | 2N4930 | 2N4931 | Unit | 
| Collector-Base Voltage | Усво | 100 | 150 | 200 | 250 | Мас | 
Continuous 
Pp 0.6 1.0 1.0 1.0 


Total Device Dissipation Я Watt 
@ TA = 25°C 5.71 5.71 |mW/C 
Derate above 25°C 
Total Device Dissipation 
@ Тс = 25°C 
Derate above 25°C 


2N4930 and 2N4931 JAN, JTX & 
JTXV AVAILABLE 
CASE 79, STYLE 1 


TO-39 (TO-205AD) 


3.4 5.71 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Operating and Storage 
Junction Temperature 
Range 


-65 to +200 


Refer to 2N3494 for graphs for 2N4928.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, Ів = 0) 2N4928 
2N4929 

2N4930 

2N4931 


Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 0, lc = 100 џАдс) 2N4928 
2N4929 

2N4930 

2N4931 


Emitter-Base Breakdown Voltage V(BR)EBO 


ЧЕ = 100 uAdc, Ic = 0) 
Collector Cutoff Current 
ПЕЕ 

20 -- 

25 200 

20 200 

20 -- 

20 — 

VCE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 2N4928, 2N4929 

2N4930, 2N4931 


(VcB = 50 Мас, ЈЕ = 0) 2N4928 
Base-Emitter On Voltage VBE(on) 1.0 Vde 
(с = 10 mAdc, Vcg = 10 Мас) 


(Vcg = 75 Мас, ЈЕ = 0) 2N4929 

(Vcg = 150 Мас, ЈЕ = 0) 2N4930, 2N4931 
Emitter Cutoff Current 

(УВЕ = 3.0 Мас, Ic = 0) 2N4928, 2N4929 

(УВЕ = 3.0 Мас, Ic = 0) 2N4930, 2N4931 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас) All Types 


(Ic = 10 mAdc, Vcg = 10 Vdc)(1) 2N4928, 2N4929 


2N4930, 2N4931 


(Ic = 50 mAdc, Vcg = 10 Vdc)(1) 
(lc = 30 mAdc, Vc = 10 Vde)(1) 


Collector-Emitter Saturation Voltage(1) 


2N4928, 2N4929 
2N4930, 2N4931 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4928 thru 2N4931 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | итво | Mi | Me | Unt | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 2N4928, 2N4929 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 20 MHz) 2N4930, 2N4931 
Collector-Base Capacitance 
(Усв = 20 Мас, ЈЕ = 0, f = 140 kHz) 2N4928 
(Усв = 20 Мас, ЈЕ = 0, f = 140 kHz) 2N4929 


(Vcg = 20 Vdc, lg = 0, f = 140 kHz) 2N4930, 2N4931 


Emitter-Base Capacitance 
(УВЕ = 2.0 Мас, Ic = 0, f = 140 kHz) 2N4928 
(УВЕ = 1.0 Мас, Іс = 0, f = 140 kHz) 2N4929 
(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 2N4930, 2N4931 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 


Refer to 2N3634 for graphs for 2N4929. 
Refer to 2N3743 for graphs for 2N4930 and 2N4931. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


|сопелосеттегуокце | мово | 9 | 
соодо типе Мое — L ves | so | 0 | 
“соіюсогвие vonage — | veo | = | 


2N5022 
2N5023 


Collector Current — Continuous 


CASE 79-02, STYLE 1 (Pulse Width = 300 us, DC = 1%) 


TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Maximum Lead Temperature 
(Soldering, 60 sec max) 


GENERAL PURPOSE 
TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic Symbol | — Mex | Unit | 
Thermal Resistance, Junction to Case Вејс | зв | см | 


PNP SILICON 


Thermal Resistance, Junction to Ambient 


Refer to 2N3467 for graphs. *Indicates Data in Addition to ЈЕРЕС Requirements. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES V 
(Ic = 100 „Аас) 2N5022 50 — 
2N5023 30 = 
Collector-Emitter Sustaining Voltage V(BR)CEO(sus)* V 
(с = 10 mAdc) 2N5022 50 -- 
2М5023 30 -- 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAdc) 2N5022 
2N5023 


Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 100 Айс) 


Collector Cutoff Current 
(VcE = 30 Мас) 2N5022 
(УСЕ = 20 Уас) 2N5023 
(TA = 100°Cdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 100 mA, МСЕ = 1.0 Мас) 2N5022 
2N5023 30 — 


(Ic = 500 mA, Vcg = 1.0 Vdc) 2N5022 25 100 


2N5023 40 100 


| 


| 


1.0 A, VCE = 5.0 Vdc) 2N5022 25 = 
2N5023 


(Ic 


500 ma, ҮСЕ = 1.0 V, TA = —55°С) 2N5022 
2N5023 


Collector-Emitter Saturation Voltage(1) VCE(sat) 

(с = 100 mAdc, Ів = 10 mAdc) 2N5022 
2N5023 V 

(с = 500 mAdc, Ів = 50 mAdc) 2N5022 — 0.40 
2N5023 = 0.35 V 

(С = 1.0 Аас, Ів = 100 mAdc) 2N5022 = 0.80 
2N5023 |S 0.70 V 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5022, 2N5023 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


J Characteristie | Symbol | ма | Mex | Unt | 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 100 mAdc, Ів = 10 mAdc) 1.0 
(с = 500 mAdc, lg = 50 mAdc) 1.4 
(Ic = 1.0 Аас, lg = 100 mAdc) 1.75 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VBE = 0.5 V, f = 100 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 V, f = 100 kHz) 

Small-Signal Current Gain 
(Ic = 50 mA, МСЕ = 10 V, f = 100 MHz) 2N5022 

2N5023 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(МСЕ = -30 V, Іс = 500 mA, Ів = 50 mA) 


Turn-Off Time 


(УСЕ = 30 V, Ic = 500 mA, Ig1 = 182 = 50 mA) 
(1) Pulse Width = 300 us, Duty Cycle = 1.0%. 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N5058 
2N5059 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3724 for graphs. 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


MAXIMUM RATINGS 
| Rating — | Symbol | 2N5058 | 
VCEO 
Усво 


300 
300 
7.0 


THERMAL CHARACTERISTICS 


Characteristic 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Symbol 


Collector-Emitter Breakdown Voltage (2) 
(Ic = 30 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current (Vcg = 100 Мас, ЈЕ = 0) 


(Vcg = 100 Мас, lg = 0, TA = +125°C) 
Emitter Cutoff Current (МВЕ = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS (2) 


DC Current Gain 
(Ic = 5.0 mAdc, Vcg = 25 Vdc) 


(Ic = 30 mAdc, УСЕ = 25 Мас) 
(Ic = 30 mAdc, Vcg = 25 Мас, Ta = —55'C) 
(Ic = 100 mAdc, VcE = 25 Мас) 


Collector-Emitter Saturation Voltage 


Base-Emitter Saturation Voltage (lc = 30 mAdc, Ів = 3.0 mAdc) 


Base-Emitter On Voltage (lc = 30 mAdc, Vcg = 25 Vdc) VBE(on 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (3) 


Collector-Base Capacitance (Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


2N5058 
2N5059 


2N5058 
2N5059 


2N5058 
2N5059 


2N5058 
2N5059 


2N5058 
2N5059 


2N5058 


2N5058 
2N5059 


(Ic = 30 mAdc, Ів = 3.0 mAdc) 


(С = 10 mAdc, Vcg = 25 Мас, f = 20 MHz) 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


VCE(sat) 1.0 Vdc 


е x —— _ 


fr 
Ccb 


Emitter-Base Capacitance 


(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(1) ROJA is measured with the device soldered into a typical printed circuit board. 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


(3) f is defined as the frequency at which the |hre| extrapolates to unity. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Emitter-Collector Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation 
@ TA = 25°C 

Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


|Rating ________ Symbol | 25229 | 2N5230 | 2NS231 | Unit | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 
(Ip = 10 „Adc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 „Adc, Ic = 0) 


Collector Cutoff Current 
(Усв = 12 Мас, ЈЕ = 0) 
(VcB = 25 Vde, Ip = 0) 
(Усв = 40 Мас, ЈЕ = 0) 


Cutoff Current 

= 12 Vde, Ic = 0) 
= 25 Мас, Ic = 0) 
= 40 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 100 Adc, Vcg = 1.0 Мас) 
(Ic = 200 Adc, Vcg = 0.5 Мас) (Inverted Connection) 


Offset Voltage 
(Ig = 100 „Adc, Ip = 


(lg = 1.0 тАдс, ЈЕ = 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 140 kHz) 


Emitter-Base Capacitance 


(Veg = 10 Мас, Іс = 0, f = 140 kHz) 


Small Signal Current Gain 


2N5229 
2N5230 
2N5231 


2N5229 
2N5230 
2N5231 


2N5229 
2N5230 
2N5231 


2N5229 
2N5230 
2N5231 


2N5229 
2N5230 
2N5231 


2N5229, 2N5230, 


2N5231 


2N5229, 
2N5230, 2N5231 


2N5229 
2N5230 
2N5231 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SILICON 


V(BR)ECO 

А 

30 
= НІНЕ 
RE Енді 


(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 4.0 MHz) 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N5229, 2N5230, 2N5231 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 
Characteristic 


"ON" Series Resistance 


(IB = 1.0 mAdc, IE = 0, 16 = 100 мА RMS, f = 1.0 kHz) 


2N5229 


2N5230 


25°C unless otherwise noted.) 


[sms | Mm | Me | Us | 


Гес(оп) 


2М5231 


TYPICAL CHARACTERISTICS 


FIGURE 1 — EMITTER-COLLECTOR VOLTAGE 
versus BASE CURRENT 
T 


|__ 
^ "Н 
= et 


Vec, EMITTER-COLLECTOR VOLTAGE (mV) 


— -0.2 -0.5 -1.0 2 -10 


IB, BASE CURRENT on 


FIGURE 3 — EMITTER-COLLECTOR “ON” RESISTANCE 
versus BASE CURRENT 


IB, BASE CURRENT (mA) 


Tec(QN), EMITTER- COLLECTOR "ON" RESISTANCE (OHMS) 


FIGURE 5 — CURRENT GAIN versus 
COLLECTOR CURRENT 
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MOTOROLA SEMICONDUCTORS 


TEMPERATURE COEFFICIENT (OHMS/°C) Vec, EMITTER-COLLECTOR VOLTAGE (mV) 


Өгес (ON), EMITTER-COLLECTOR "ON" RESISTANCE 


hgg(INV.): OC CURRENT GAIN (Inverted Connection) 
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FIGURE 2 — EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 
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TJ, JUNCTION TEMPERATURE (°C) 


FIGURE 4 — EMITTER-COLLECTOR “ОМ” RESISTANCE 
TEMPERATURE COEFFICIENT versus BASE CURRENT 
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FIGURE 6 — CURRENT GAIN (Inverted Connection) 
versus EMITTER CURRENT 
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SMALL-SIGNAL DEVICES 


2N5229, 2N5230, 2N5231 


FIGURE 7 — COLLECTOR CUTOFF CURRENT versus FIGURE 8 — EMITTER CUTOFF CURRENT versus 


JUNCTION TEMPERATURE 
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FIGURE 9 — COLLECTOR-EMITTER SATURATION FIGURE 10 — JUNCTION CAPACITANCE versus 
VOLTAGE versus COLLECTOR CURRENT 
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2N5320 
2N5321 


MAXIMUM RATINGS 
________љима | Symbol аңса [лега | 
COON [Wo | > | = | 
| Emitters мое | veo | zo | so | 
СІ” в | 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous Ic 


ша 2 
Total Device Dissipation @ Тс = 25°C 10 
Derate above 25°C 0.057 


Operating and Storage Junction Ty, Tstg —65to +200 
Temperature Range 


SWITCHING TRANSISTOR 
NPN SILICON THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [ymo | м | We | uU | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage М(ВАЈСЕО 
(с = 100 mAdc, lg = 0) 2N5320 
2N5321 


Collector Cutoff Current 
(УСЕ = 100 Мас, МВЕ = 1.5 Vdc) 2N5320 
(Vcg = 70 Мас, МВЕ = 1.5 Мас, Тс = 150°C) 
(МСЕ = 75 Мас, Мве = 1.5 Мас) 2N5321 
(Усе = 45 Vdc, Veg = 1.5 Мас, Тс = 150°C) 
Emitter Cutoff Current 
(УВЕ = 7.0 Мас, Іс = 0) 2N5320 
(VBE = 5.0 Vdc, Ic = 0) 2N5321 
ON CHARACTERISTICS(1) 
DC Current Gain 
(с = 500 mAdc, Vcg = 4.0 Vdc) 2N5320 
2N5321 


(Ic = 1.0 Аас, Vcg = 2.0 Мас) 2N5320 


Collector-Emitter Saturation Voltage VCE(sat) 
(Іс = 500 mAdc, Ів = 50 mAdc) 2N5320 
2N5321 

Base-Emitter On Voltage 
(с = 500 mAdc, Vcg = 4.0 Vdc) 2N5320 
2N5321 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(с = 50 mAdc, Vcg = 4.0 Мас, f = 10 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, lc = 500 mAdc, въ = 50 mAdc) 


Turn-Off Time 
(Усс = 30 Мас, Іс = 500 mAdc, въ = !82 = 50 mAdc) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5230, 2N5231 


TYPICAL INPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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CURRENT GAIN CHARACTERISTICS versus 
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2N5322 
2N5323 


MAXIMUM RATINGS 


Rating Symbol | 2N5322 | 2N5323 


Collector-Emitter Voltage VCEO 75 


Collector-Base Voltage | Усво | 


Emitter-Base Voltage 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Base Current 


Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON THERMAL CHARACTERISTICS 


Characteristic Symbol | Мах | 
Thermal Resistance, Junction to Case Рајс 17.5 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 100 mAdc, Ів = 0) 2N5322 
2N5323 


V(BR)CEO 


Collector Cutoff Current 


(МСЕ = 100 Мас, VBE = 1.5 Мас) 2N5322 
(УСЕ = 70 Мас, УвЕ = 1.5 Мас, Tc = 150°C) 5.0 
(VCE = 75 Vdc, VBE = 1.5 Vdc) 2N5323 = 0.1 
(VCE = 45 Мас, УВЕ = 1.5 Мас, Tc = 150°C) 


Emitter Cutoff Current ЕВО 
(УВЕ = 7.0 Мас, Ic = 0) 2N5322 = 0.1 


(УВЕ = 5.0 Vdc, Ic = 0) 2N5323 = 0.1 
ON CHARACTERISTICS(1) 
DC Current Gain ПЕЕ -- 
(с = 500 mAdc, Vcg = 4.0 Мас) 2М5322 30 130 
2М5323 40 250 
(Ic = 1.0 Adc, Vcg = 2.0 Мас) 2N5322 10 = 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 500 mAdc, Ів = 50 mAdc) 2N5322 0.7 
2N5323 = 1:2 
Base-Emitter On Voltage VBE(on) Vde 
(Ic = 500 mAdc, Vcg = 4.0 Vdc) 2N5322 1.1 
2N5323 — 1.4 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(с = 50 mAdc, Vcg = 4.0 Мас, f = 10 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Іс = 500 таАдс, въ = 50 mAdc) 


Turn-Off Time 
(Усс = 30 Мас, lc = 500 mAdc, въ = 182 = 50 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5322, 2N5323 


TYPICAL INPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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2N5415, 2N5416 For Specifications, See 2N3439 Data. 
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2N5679 MAXIMUM RATINGS 
2N5680 вана отын [vn 


PNP SILICON Collector-Emitter Voltage | veo | 100 | 120 | Vde 
Усво е зе Vde 
Emitter-Base Voltage МЕВО 


Base Current 


2N5681 
2N5682 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 


CASE 79-02, STYLE 1 
TO-5 (TO-205AA) 


RPOSE 
oe TRANSISTOR 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(с = 10 mAdc, Ів = 0) 2N5679, 2N5681 
2N5680, 2N5682 
Collector Cutoff Current 
(УСЕ = 70 Мас, Ів = 0) 
(УСЕ = 80 Мас, Ів = 0) 


Collector Cutoff Current 


(Vcg = 100 Мас, Veg = 1.5 Мас) 2№5679, 2N5681 
(VCE = 120 Мас, Veg = 1.5 Мас) 2N5680, 245682 


(Vcg = 100 Мас, Veg = 1.5 Мас, Тс = 150°C) 235679, 235681 
(МСЕ = 120 Мас, Veg = 1.5 Мас, Тс = 150°C) 235680, 2N5682 


Collector Cutoff Current 
(Vcg = 100 Мас, ЈЕ = 2N5679, 2N5681 
(Vcg = 120 Мас, ЈЕ = 2N5680, 2N5682 
Emitter Cutoff Current 
Мев = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 


(с = 250 mAdc, Vcg = 2.0 Мас) 
(С = 1.0 Аас, Vcg = 2.0 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 250 mAdc, lg = 25 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Аас, lg = 200 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 250 mAdc, Vcg = 2.0 Мас) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(с = 100 mAdc, Vcg = 10 Мас, f = 10 MHz) 

Output Capacitance 
(Vcg = 20 Мас, lg = 0, f = 1.0 MHz) 

Small-Signal Current Gain 


(Ic = 0.2 Adc, Vcg = 1.5 Vdc, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5679, 2N5680, 2N5681, 2N5682 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


D1 Must Be Fast Recovery Type, e.g. Vc 
MBD5300 Used Above Ig * 100 mA Зи 
MSD6100 Used Below в = 100 mA 


Scope 
tr, te 310 пз d d 
Duty Cycle = 1.0% mS -40У s 
Rg and Rc Varied to Obtain Desired Current Levels 
For tq and t,, D1 is disconnected and V2 = 0 
For PNP test circuit, reverse diode and voltage polarities. 
PNP NPN 
2N5679, 2N5680 2N5681, 2N5682 


FIGURE 2 — TURN-ON TIME 
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FIGURE 3 — TURN-OFF TIME 
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FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 5 — CAPACITANCE 
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FIGURE 6 — THERMAL RESISTANCE 
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FIGURE 7 — ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 8 — POWER DERATING 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vcg limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate, 

The data of Figure 7 is based on Tc = 25°C; Турк) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided TJ(pk) < 2009c. TJ(pk) 


may be calculated from the data in Figure 6. At high case temp- 


eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 7 may be found at any case temperature by using 
the appropriate curve on Figure 8. 


Tc, CASE TEMPERATURE (°C) 
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FIGURE 10 — COLLECTOR SATURATION REGION 


FIGURE 9 — DC CURRENT GAIN 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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FIGURE 13 — COLLECTOR CUTOFF REGION 
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FIGURE 14— BASE CUTOFF REGION 
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MAXIMUM RATINGS 


Symbol | Value | Unit | 
Мсво | — 80 | № | 
Vdc 
| Collector Current—Continuous | c | 20 | Ad | 


6.0 
Ic 2.0 
Total Device Dissipation @ TA = 25°C Pp 1.0 Watt 
Derate above 25°C 6.0 mW/^C 
Total Device Dissipation (v Tc = 25°C Pp 5.0 Watts 
Derate above 25°C 28.6 му с 
Operating and Storage Junction TJ, Tstg | -6510 +200 °С 
Temperature Range 
SWITCHING TRANSISTOR 


THERMAL CHARACTERISTICS NPN SILICON 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case | Вес | 35 | 
Thermal Resistance, Junction to Ambient 


2N5859 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


° 
° 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [mis | wm | Me [е | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Іс = 10 mAdc, Ів = 0) V(BR)CEO | о | — | ve | 
Collector-Base Breakdown Voltage (lc = 100 џАдс, Іс = 0) V(BR)CBO | | = | ve | 
Emitter-Base Breakdown Voltage (lg = 10 џАдс, Ic = 0) V(BR)EBO | во | — | Че | 


Collector Cutoff Current (Vcg = 50 Vdc, VBE(off) = 2.0 Vdc) 
(МСЕ = 50 Мас, VpE(off) = 2.0 Мас, TA = 75°C) 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) сво pAdc 
(Vcg = 50 Мас, lp = 0, ТА = 75°C) 


Emitter Cutoff Current (УВЕ = 5.0 Мас, lc = 0) 
ON CHARACTERISTICS 


DC Current бат (Іс = 500 mAdc, Vcg = 1.0 Мас) 
(с = 1.0 Аас, VcE 
(Ic = 1.0 Аас, МСЕ 


Collector-Emitter Saturation Voltage 


1. 
1.0 Vdc, TA = -55'C) 


(с = 500 mAdc, в = 50 mAdc) 
(Ic = 1.0 Аас, lg = 100 mAdc) 


(с = 500 mAdc, Ів = 50 mAdc) 


VCE(sat) 0.4 Vdc 
0.7 
VBE(sat) 0.8 1.0 Vdc 
(Ic = 1.0 Айс, lg = 100 mAdc) 0.9 1.25 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (ІС = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) | fr | 250 | — | Mm | 
Collector-Base Capacitance (Vcg = 10 Vdc, lg = 0, f = 100 kHz) | &à | = | то | sm | 
Emitter-Base Capacitance (Veg = 0.5 Vdc, lc = 0, f = 100 kHz) oo | — L | p | 


SWITCHING CHARACTERISTICS 

Delay Time 
(Усс = 30 Мас, VBE(off) = 2.0 Мас, Іс = 1.0 Adc, 
ІВ1 = 100 mAdc) (Figures 8 and 10) 


Rise Time 
(Усс = 30 Мас, Уве(он) = 2.0 Мас, Іс = 1.0 Adc, 
ІВ1 = 100 mAdc) (Figures 8 and 10) 


Storage Time 


Base-Emitter Saturation Voltage 


(Усс = 30 Мас, Іс = 1.0 Adc, 
ІВ1 = ІВ2 = 100 mAdc) (Figures 9 and 11) 


Fall Time 
(Усс = 30 Мас, Ic = 1.0 Adc, 
ІВ1 = ІВ2 = 100 mAdc) (Figures 9 and 11) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Turn-On Time 
(Усс = 30 Мас, VBE[off) = 2.0 Мас, lc = 1.0 Adc, 
lg1 = 100 mAdc) (Figures 8 and 10) 
Turn-Off Time 
(Усс = 30 Мас, Іс = 1.0 Adc, 
ІВ1 = ІВ2 = 100 mAdc) (Figures 9 and 11) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 


FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate Ic— МУСЕ limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J(pk) = 200°C; Tc is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided TJ(pk) < 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 3 — “ON” VOLTAGES 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 8 — TURN-ON TIME 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — TURN-ON TIME TEST CIRCUIT 


Vin to 50 Ohm "оу 


OSCILLOSCOPE 


Vout to 50 Ohm 
OSCILLOSCOPE 


Duty Cycle < 2.0% 
Generator Source Impedance = 50 N ansv 


All waveforms and bias levels must be set with unit in circuit 


FIGURE 7 — CAPACITANCE 
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FIGURE 9 — TURN-OFF TIME 
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FIGURE 11 — TURN-OFF TIME TEST CIRCUIT 


Vin to 50 Ohm +30 У 
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Vout to 50 Ohm 
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Duty Cycle < 2.0% 
Generator Source Impedanca = 50 N 


All waveforms and bias levels must be set with umit in circuit 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


|. Rein | Symbol | Vae | Umit | 
Collector-Emitter Voltage VCEO | -s | Мас | 


Collector-Base Voltage Усво Vdc 


Emitter-Base Voltage VEBO ШЕТТЕ 
Collector Current — Continuous Г № | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 5.0 
Derate above 25°C 28.6 
Operating and Storage Junction TJ: Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


SWITCHING TRANSISTOR 


NPN SILICON 


| Symboli | Ма | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 uAdc, Ic = 0) 


Collector Cutoff Current 

(УСЕ = 50 Мас, VBE(off) = 2.0 Мас) 

(УСЕ = 50 Мас, VBE[off) = 2.0 Мас, Ta = 75°C) 
Collector Cutoff Current 

(Vcg = 50 Мас, ЈЕ = 0) 

(VcB = 50 Vdc, lg = 0, Ta = +75°C) 
Emitter Cutoff Current 

(УВЕ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(1С = 500 mAdc, Vcg = 1.0 Мас) 
(Ic = 500 mAdc, Vcg = 1.0 Мас, Ta = -55'C) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 500 mAdc, lg = 50 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(с = 500 mAdc, Ів = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 100 kHz) 


Emitter-Base Capacitance 
(Мве = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


(Voc = 30 Vdc, VBE(off) = 2.0 Vde, 
ІС = 500 mAdc, Ig4 = 50 mAdc) 


ии 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Turn-Off Time (Усс = 30 Мас, Іс = 500 mAdc, 


Fall Time 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 1 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 2 — CAPACITANCE 
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FIGURE 5 — TURN-ON TIME TEST CIRCUIT 


Vin to 50 Ohm *5.8 V 


OSCILLOSCOPE 


+30 V 


5.8V Vin 
= 0 4950 
-2.0 V -2.0 V 

Vout to 50 Ohm 

OSCILLOSCOPE 

Vout 
tr < 1.0 ns 
P.W. > 200 ns 
Duty Cycle < 2.0% 
Generator Source Impedance = 50 {2 
Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver Vin during ton interval must be +5.8 V. 
Oscilloscope: Tektronix 661 Sampling Scope All waveforms and bias levels must be set with unit in circuit. 
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FIGURE 6 — TURN-OFF TIME TEST CIRCUIT 
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P.W. > 1.0 us 

Duty Cycle < 2.0% 
Generator Source Impedance = 50 (2 
Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver Vin during toff interval must be -4.0 V. 


Oscilloscope: Tektronix 661 Sampling Scope All waveforms and bias levels must be set with unit in circuit. 
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There are two limitations on the power handling ability of a -2.5 
transistor: junction temperature and secondary breakdown. Safe 10 20 30 50 100 200 300 500 1000 
operating area curves indicate Іс-Усе limits of the transistor that Ic, COLLECTOR CURRENT (mA) 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 
The data of Figure 9 is based on T J(pk) = 200°C; Tc is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) € 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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2N6430 
2N6431 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 
MAXIMUM RATINGS 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Derate above 25°C 
Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Total Device Dissipation @ TA = 25°C 

Derate above 25°C А mW/°C 

Total Device Dissipation (v Tc = 25°C 1.8 Watts 
10.3 mW/C 


бе | Symbol | м | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ів = 0) 2N6430 
2N6431 


Collector-Base Breakdown Voltage 


V(BR)CEO Vdc 
200 
300 
(Ic = 0.1 mAdc, ЈЕ = 0) 2N6430 


V(BR)CBO Vdc 
200 
2N6431 300 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ІСВО pAdc 
(Vcg = 160 Мас) 2N6430 
(VCB = 200 Vdc) 2N6431 
Emitter Cutoff Current pAdc 
(ев = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hFE 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, Vcg = 10 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) мас 
(с = 20 mAdc, Ів = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(св = 20 Мас, lg = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N6432 
2N6433 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Total Device Dissipation (a TA = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON Operating and Storage Junction 


Temperature Range 


Refer to 2N3743 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Ма | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 тАдс, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.1 mAdc, lg = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 160 Vdc) 
(Vcg = 200 Мас) 


Emitter Cutoff Current 
(МЕВ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(Ic = 30 mAdc, Vcg = 10 Мас) 


40 
30 
Collector-Emitter Saturation Voltage VCE(sat) — Vde 
(Ic = 20 mAdc, lg = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) — 
(с = 20 mAdc, Ів = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 20 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-222 


MM420 
MM421 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
GHiesorEmerVotage — | voso | 250 | эв | № | 
Гсойееюъвеве Vota — | мово | 2% | ss | we | 
[zmmermeevomge — | veso | eo | во | ме | 
D. MEME NE | | M 


Total Device Dissipation @ TA = 25°C 800 mW 
Derate above 25°C 5.3 mW^PC 


TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ TA = 75°C 
Derate above 75°C 


Operating and Storage Junction TJ, Tstg —65 to +175 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x haracteristic —  — — Әт | Mm | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) УСЕО(виз) Мас 
(Ic = 10 mA, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO Мас 
(с = 100 uAdc) 275 
350 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 Adc) 


Collector Cutoff Current ІСЕО 
(УСЕ = 250 Мас, lg = 0) 
(УСЕ = 325 Мас, lg = 0) 
Collector Cutoff Current ICBO uAdc 
(УВЕ = 275 Мас, ЈЕ = 0) 100 
(УВЕ = 350 Мас, Ip = 0) 100 
(с = 10 mAdc, Vcg = 20 Мас) 


ПЕЕ 
(Ic = 30 mAdc, Vcg = 20 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 30 mAdc, Ів = 3.0 mAdc) 
Base-Emitter On Voltage VBE(on) v 
(с = 30 mA, Vcg = 20 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ic = 10 mA, Vcg = 20 V, f = 10 MHz) 


Refer to 2N3439 for graphs. 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 20 Мас) 


Output Capacitance Cobo 
(Усв = 20 V, f = 100 kHz) (Common Base) 


(1) PW = 300 usec, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-223 


MM1505 


CASE 27-02, STYLE 1 


TO-52 (TO-206AC) —— 
Rating 


Collector-Emitter Voltage(1) 


Collector-Emitter Voltage | Ves | o | 


Collector-Base Voltage 


Emitter-Base Voltage Veso | 40 | ме | 
Collector Current — Continuous к ——®— 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Lead Temperature 
(Soldering, 60 second time limit) 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Мах | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Іс = 10 дАдс, Уве = 0) V(BR)CES ee 


Collector-Emitter Sustaining Voltage(2) (Іс = 10 mAdc, Ів = 0) VCEO(sus) 


Collector-Base Breakdown Voltage (lc = 10 „Adc, ЈЕ = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 10 „Adc, Іс = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 11 Мас, УВЕ = 0) 
(Vcg = 5.0 Мас, УВЕ = 0) 
(VCE = 5.0 Vdc, VBE = 0, Ta = +85°C) 


Base Cutoff Current (Vcg = 11 Мас, Уев(он) = 0) 
ON CHARACTERISTICS(2) 


DC Current Gain (Ic = 1.0 mAdc, Vcg = 0.4 Vdc) 
(Ic = 10 mAdc, Vcg = 0.4 Мас) 
(Ic = 30 mAdc, Vcg = 0.4 Мас) 


Collector-Emitter Saturation Voltage 


1.0 тАдс, lg = 0.1 mAdc) VCE(sat) 
10 mAdc, lg = 1.0 mAdc) 
30 mAdc, Ів = 3.0 mAdc) 
10 mAdc, lg = 1.0 mAdc, TA = 85°C) 


Base-Emitter Saturation Voltage (lc = 1.0 mAdc, lg = 0.1 mAdc) VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 30 mAdc, Ів = 3.0 mAdc) 


W" H H H 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 4.0 Мас, = 100 MHz) 


Output Capacitance Cobo 
(Vcg = 5.0 Мас, lg = 0, f = 140 kHz) 

Input Capacitance Cibo 
(УВЕ = 0.5 Мас, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 1В1 = Ip2 = 5.0 mAdc) 


Turn-On Time 


(Усс = 1.0 Мас, VBE(off) = 1.0 Мас, lc = 10 mAdc, въ = 2.0 mAdc) 


Turn-Off Time 
(Усс = 1.0 Мас, lc = 10 тАсс, въ = Ів2 = 1.0 mAdc) 


(1) Applicable from 0.01 mAdc to 10 mAdc (Pulsed). 
(2) Pulse Test: Pulse Length = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-224 


MM1748,A 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


MAXIMUM RATINGS 
С т | ‘Symbol мне [Unt 
Galeton ae Vatage чоо во | 
Гепы Ваве Моне | Vo | 4 | 
er m, 


Total Device Dissipation (v TA = 25°C 300 
Derate above 25°C 1.71 

Operating and Storage Junction ТЈ, Tstg | —65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | Мах | Unit 


Thermal Resistance, Junction to Ambient RgJA(T) °C/W 
(1) RgJA is measured with the device soldered into a typical printed circuit board. 


% SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Тур | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(2) (lc = 10 mAdc, Ів = 0) VCEO(sus) | бо | — | — | ме | 
Collector-Base Breakdown Voltage (lc = 10 Adc, ЈЕ = 0) V(BR)CBO | * | — | — | че | 


Emitter-Base Breakdown Voltage (lg = 10 uAdc, Ic = 0) V(BR)EBO | 40 | =: | = | № | 
(сво 
nAdc 
uAdc 
(Ic = 10 mAdc, Vcg = 0.5 Мас, Ta = —55'C) Both Devices 
(Ic = 30 mAdc, Vcg = 1.0 Мас) Both Devices 


Collector-Emitter Saturation Voltage (lc = 3.0 mAdc, Ів = 0.15 mAdc) VCE(sat 
Base-Emitter Saturation Voltage (lc = 3.0 mAdc, lg = 0.15 mAdc) VBE(sat 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) MM1748 
MM1748A 


Output Capacitance 
(Усв = 5.0 Мас, ЈЕ = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, lc = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Усс = 3.0 Мас, Іс = 5.0 mAdc, въ = !82 = 5.0 mAdc) 


Collector Cutoff Current 
(VcB = 5.0 Мас, ЈЕ = 0) MM1748 
MM1748A 


Both Devices 


(Vcg = 5.0 Vdc, lp = 0, Ta = 150°C) 
ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 10 mAdc, Vcg = 0.5 Мас) MM1748 
MM1748A 


Turn-On Time 


(Усс = 1.0 Мас, VgE(off) = 1.0 Мас, Іс = 10 mAdc, 
ІВ1 = 2.0 mAdc, |82 = 1.0 mAdc) 


Turn-Off Time 
(Vcc = 1.0 Мас, lc = 10 mAdc, въ = !82 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-225 


MM2005 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating Symbol 


Collector-Emitter Voltage VCEO | de a Vdc 
Collector-Base Voltage Мао | 25 | Vd | 


Emitter-Base Voltage VEBO 4.0 Vdc 


Collector Current — Continuous Ic | 600 | mad | 
Total Device Dissipation (v TA = 25°C Pp 400 mW 
Derate above 25°C 2.28 mW^C 
Total Device Dissipation @ Tc = 25°C 1.4 Watts 
Derate above 25°C 8.0 mW^C 
Operating and Storage Junction ТЈ, Tstg | - 6510 +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 O ”  ] sme | we | n» | Me | Ge] 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 рАас, ЈЕ = 0) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current IcBO 
(Vcg = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) -- 
(с = 150 mAdc, Ів = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(С = 150 mAdc, lg = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(св = 10 Vdc, ЈЕ = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Іс = 150 mAdc, въ = 15 mAdc) 


hFE 


Turn-Off Time 
(Усс = 6.0 Мас, Ic = 150 тАдс, въ = 182 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


————-————-—-—-—-—-—— 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-226 


MM2258 
MM2259 
MM2260 


MAXIMUM RATINGS 


pues — qu 


|Collector-émitter Voltage | Мсео | 120 | 175 | № | 


Collector-Base Voltage | Усво | 120 | 175 | Vdc 


CASE 31-03, STYLE 1 
TO-5 (TO-205AA) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ TA = 
Derate above 25°C 


asl S. se 
Total Device Dissipation @ Tc = 5.0 Watts 
Derate above 25°C 28.6 mW^C 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 


uM 9 


Thermal | Thermal Resistance, Junction to Case _ | Junction to Case | cw | 


Thermal Resistance, Junction to Ambient E few 


TRANSISTOR 


NPN SILICON 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


________________ Спагаенис | Symbol | ма | Me | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) MM2258 120 
MM2259, MM2260 175 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Acc, IE = 0) MM2258 120 
MM2259, MM2260 175 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Acdc, Ic = 0) 
Collector Cutoff Current ICBO иАдс 
(Усв = 75 V, IE 
(Усв = 75 V, ЈЕ 
Emitter Cutoff Current nAdc 
(УЕВ = 4.0 Мас, Ic = 0) 
(Ic = 50 mAdc, Vcg = 10 Мас) ММ2259 


ПЕЕ 
мм2258, MM2260 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 25 mAdc, Ів = 2.5 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) = № № 


(Ic = 25 mAdc, lg = 2.5 mAdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас) ММ2259 
MM2258, MM2260 


(Ic = 10 mAdc, Vcg = 10 Мас) MM2259 
MM2258, MM2260 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, ЈЕ = 0, f = 100 kHz) MM2258 
ММ2259, MM2260 


Collector-Base Capacitance 
(Усв = 25 Мас, lc = 10 mAdc) MM2258 
MM2259, MM2260 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(МСЕ = 25 Мас, Іс = 20 mAdc, f = 100 MHz) 


(1) Pulse Test: PW = 300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-227 


MM3000 
thru 
MM3003 


MAXIMUM RATINGS 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — 
Continuous 


Total Device Dissipation 


@ TA = 25°C Watt 
Derate above 25°C mW/^/C 
Total Device Dissipation 
GENERAL PURPOSE TRANSISTOR OG = гц Watts 


Derate above 25°C 


NPN SILICON Operating and Storage 
Junction 


Temperature Range 


—65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit | 


Collector-Emitter Breakdown Voltage(1) 


OFF CHARACTERISTICS 


V(BR)CEO 


(Ic = 10 mAdc, Ig = 0) MM3000 100 
MM3001 150 
MM3002 200 == 


MM3003 


-- 
Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 10 дАдс, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcg = 50 Мас, ЈЕ = 0) MM3000 = 1.0 
(Vcg = 75 Мас, ЈЕ = 0) MM3001 

(Vcg = 100 Мас, ЈЕ = 0) MM3002, MM3003 


ON CHARACTERISTICS 


DC Current Gain hrE 
(с = 10 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fr 


(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Output Capacitance Cobo 
(Усв = 20 Мас ЈЕ = 0, f = 100 kHz) MM3000, MM3001 


MM3002, MM3003 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-228 


MM3005 
MM3006 
MM3007 


MAXIMUM RATINGS 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation 


@ TA = 25°С 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —65 to +200 *C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


AUDIO TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 тАдс, Ів = 0) MM3005 
MM3006 
MM3007 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, Ip = 0) MM3005 
MM3006 

MM3007 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 60 Мас, ЈЕ = 0) MM3005 
(Vcg = 80 Мас, IE = 0) MM3006 
(Vcg = 100 Мас, ЈЕ = 0) MM3007 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1.0 mAdc, Vcg = 1.0 Мас) All Types 
(Ic = 150 mAdc, Vcg = 1.0 Мас) MM3005 
(Ic = 200 mAdc, VCE 1.0 Vdc) MM3006 
(Ic = 250 mAdc, Vcg = 1.0 Мас) MM3007 


Collector-Emitter Saturation Voltage 
(lc = 150 mAdc, lg = 15 mAdc) 


50 


Base-Emitter On Voltage 
(с = 150 mAdc, Vcg = 1.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-229 


MM3008 
MM3009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


С мш | Symbol |MMS008|MM005| Uni | 
[Colecoreminer Vonage | vero | 12 | № | vae | 
Гетке-іие мое —— | Уо | № | м | 


| ig | м 
Total Device Dissipation @ TA = 25°C 1.0 Watt 
Derate above 25°C 5.71 тМ//?С 
Total Device Dissipation @ Тс = 25°C 4.0 Watts 
Derate above 25°C 22.8 mW/C 
Operating and Storage Junction TJ, Tstg —65 to +200 G 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, Ів = 0) MM3008 
MM3009 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 120 Мас, IE MM3008 
(Vcg = 180 Мас, lg MM3009 
Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Vdc) 
(с = 10 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Output Capacitance 


TRANSISTOR 


NPN SILICON 


(Vcg = 20 Мас, lg = 0, = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


А ЊЕ О Шиши 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-230 


MM3726 


CASE79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to 2N3467 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 10 тАас, Ів = 0) 

Emitter-Base Breakdown Voltage (lg = 10 дАдс, Ic = 0) | 50 | 
[Collector Cutoff Current (Vcg = 40 Vdc e =0 | со | - | 

ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 500 mAdc, Vcg = 2.0 Vdc) 
(с = 1.0 Adc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(с = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Ade, lg = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Adc, Ів = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 50 mAdc, МСЕ = 10 Мас, = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz, emitter guarded) 


Emitter-Base Capacitance 
(УВЕ = 0.5 Vdc, Ic = 0, f = 100 kHz, collector guarded) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, VBE[(off) = 2.0 Мас, Іс = 500 mAdc, 
ІВ1 = 50 mAdc, Rg = 200 ohms, RL = 60 ohms) 


Turn-Off Time 
(Усс = 30 Мас, Іс = 500 mAdc, въ = Ів2 = 50 mAdc, 
RB = 200 ohms, RL = 60 ohms) 


Turn-On Time 
(Усс = 30 Мас, VBE = 2.0 Мас, lc = 1.0 Adc, 
ІВ1 = 100 mAdc, Вв = 100 ohms, RL = 30 ohms) 


Turn-Off Time 
(Усс = 30 Мас, Ic = 1.0 Аас, въ = 182 = 100 mAdc, 
RB = 100 ohms, RL = 30 ohms) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-231 


MM3903 
MM3904 MAXIMUM RATINGS 


Rating 


Symbol Value 


CASE 27-02, STYLE 1 Collector-Emitter Voltage VcEO Е 40 Мас 
TO-52 (TO-206AC) Усво 60 

6.0 Уве 

Collector Current — Continuous Ic 200 mAdc 

Total Device Dissipation @ Ta = 25°C Pp 200 mW 


Derate above 25°C 2.0 


Total Device Dissipation @ Tc = 25°C Рр 500 mW 
Derate above 25°C 5.0 


Operating and Storage Junction TJ, Tstg —55 to +125 "C 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | ма | Un 
Thermal Resistance, Junction to Ambient RaJA 490 °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic | Symbol Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (Ic = 1.0 mAdc, Ів = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 10 џАдс, lg = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (lg = 10 „Adc, lc = 0) V(BR)EBO 


Base Cutoff Current (Vcg = 30 Vdc, VEB(off) = 3.0 Vdc) 


Collector Cutoff Current (Vcg = 30 Мас, МЕВОН) = 3.0 Мас) 
ON CHARACTERISTICS(1) 


DC Current Gain hFE тт E. À 
(Ic = 0.1 тАдс, Vcg = 1.0 Мас) MM3903 20 - 
MM3904 40 = 
(Ic = 1.0 mAdc, МСЕ = 1.0 Мас) MM3903 35 - 
MM3904 70 — 
(с = 10 mAdc, Vcg = 1.0 Мас) MM3903 50 150 
MM3904 100 300 
(с = 50 mAdc, Vcg = 1.0 Мас) MM3903 30 - 
MM3904 60 — 
(Ic = 100 mAdc, Vcg = 1.0 Мас) MM3903 10 
MM3904 T 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 
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MM3903, MM3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteristic | Symbo | м | Mex | Unt | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MM3903 
MM3904 


Output Capacitance 
(Усв = 5.0 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MM3903 
MM3904 


SWITCHING CHARACTERISTICS 


(Усс = 3.0 Мас, VBE(off) = 0.5 Vdc, 
lc = 10 mAdc, 181 = 1.0 тйс) 


Fall Time 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


Storage Time (Vcc = 3.0 Vdc, lc = 10 mAdc, MM3903 
ІВ1 = !82 = 1.0 mAdc) MM3904 
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MM3905 
MM3906 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 


Emitter-Base Voltage VEBO 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON THERMAL CHARACTERISTICS 


Characteristic Symbol Max | Unit | 
Thermal Resistance, Junction to Ambient Rasa 490 °C/W 


Refer to 2N3250 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 10 Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 

Base Cutoff Current IBEV 
(Усе = 30 Мас, Уве = 3.0 Мас) 

Collector Cutoff Current ICEV 
(VcE = 30 Мас, Уве = 3.0 Мас) 

ON CHARACTERISTICS(1) 

DC Current Gain 


(с = 0.1 mAdc, Vcg = 1.0 Vdc) MM3905 
MM3906 


(С = 1.0 mAdc, Vcg = 1.0 Мас) MM3905 
MM3906 


с = 10 mAdc, Vcg = 1.0 Мас) MM3905 
MM3906 


(С = 50 mAdc, Vcg = 1.0 Мас) MM3905 
MM3906 


(1С = 100 mAdc, Vcg = 1.0 Мас) MM3905 
MM3906 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 тАдс) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) MM3905 
MM3906 
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MM3905, MM3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Output Capacitance 
(Усв = 5.0 Мас, IE = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MM3905 
MM3906 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MM3905 
MM3906 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MM3905 
MM3906 


Output Admittance 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) MM3905 
MM3906 


Noise Figure 
(Ic = 100 „Adc, Vcg = 5.0 Мас, Rs = 1.0 К ohm, MM3905 
f = 10 Hz to 15.7 kHz) MM3906 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Мас, МвЕ(ой) = 0.5 Мас, 


Storage Time MM3905 
(Усс = 3.0 Мас, lc = 10 mAdc, | MM3906 

a ІВ1 = !82 = 1.0 mAdc) 
Fall Time MM3905 
MM3906 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MM4000 
thru 


MM4003 MAXIMUM RATINGS 

(Rang |Symbol /ммаооотммаоот/ммаооа|ммооа| Unit | 

| Collector-Emitter Voltage | Vcgo | 100 | 150 | 200 | 250 | Vac | 

mer ш S S Is ss 

ка 
Continuous 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Operating and Storage 
Junction 
Temperature Range 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3494 for graphs for MM4000.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) MM4000 
MM4001 

MM4002 

MM4003 


Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 0, Ic = 100 pAdc) MM4000 
MM4001 

MM4002 

MM4003 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 uAdc, Ic = 0) ES 
Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) MM4000 
(Усв = 75 Мас, lg = 0) MM4001 
(Vcg = 150 Мас, ЈЕ = 0) MM4002, MM4003 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) MM4000, MM4001 
MM4002, MM4003 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 20 Мас, ЈЕ = 0, f = 100 kHz) MM4000 


MM4001 
MM4002, MM4003 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 
*Refer to 2N3634 for graphs for MM4001. 
Refer to 2N4930 for graphs for MM4002 and MM4003. 
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MAXIMUM RATINGS 


MM4005 
thru 
MM4007 


Total Device Dissipation 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


@ TA = 25°C 1.0 

Derate above 25°C 5.71 
Total Device Dissipation 

@ Tc = 25°C 

Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic Symboi | Ma | 
Thermal Resistance, Junction to Case | Rac | 2 | °C/W 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Ambient RaJA(1) | vs | w | 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symb | ма | тур | Mex | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) MM4005 60 
MM4006 80 
MM4007 100 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) MM4005 
MM4006 


V(BR)CBO 
$i 
MM4007 EN 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current ICBO nAdc 

(Усв = 50 Мас, ЈЕ = 0) MM4005 
(Vcg = 60 Мас, ЈЕ = 0) MM4006 
(Vcg = 80 Мас, ЈЕ = 0) MM4007 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 
(Ic = 150 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE (sat) 
(С = 150 mAdc, Ів = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.7 
(Ic = 150 mAdc, Ів = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 
Output Capacitance Cobo ЕМЕЖ 
(Усв = 10 Мас, ЈЕ = 0, = 1.0 MHz) 
Input Capacitance Cibo di di 
(VBE = 0.5 Vdc, lc = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


ии 
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MAXIMUM RATINGS 


x м | Symbo | Маше | Unt | 


Collector-Emitter Voltage VCEO E xw 
VcBO 
MM4036 90 
MM4037 60 


Ci — omo mom. 

rum 3] 5-1 4 и 

Total Device Dissipation @ TA = 25°C te 
Derate above 25°C 5. 71 mW/C 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/^C 


Operating and Storage Junction LEP Tstg —65 to +200 
Temperature Range 
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


[Characteristic | Symbol | Me | ume | 
Thermal Resistance, Junction to Case | Rac | 25 | “cw | 
Thermal Resistance, Junction to Ambient | Raj | 175 | см | 


(1) Resa is measured with the device soldered into a typical printed circuit board. 


MM4036 
MM4037 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector-Base Voltage 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | Mex | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) MM4036 
(Ic = 10 uAdc, ЈЕ = 0) MM4037 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 рАдс, Ic = 0) MM4036 
ЧЕ = 1.0 Adc, Ic = 0) MM4037 

Collector Cutoff Current(1) 
(УСЕ = 60 Vdc, VBE[off) 
(УСЕ = 30 Мас, VBE[off) 

Collector Cutoff Current 
(Усв = 60 Мас, lp = 0) MM4036, MM4037 

Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) MM4036 
(УВЕ = 5.0 Мас, Іс = 0) MM4037 


1.5 Мас) MM4036 
1.5 Мас, Тс = 150°C) ММ4036 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 100 „Adc, МСЕ = 10 Мас) MM4036 


(С = 150 mAdc, Vcg = 2.0 Мас) MM4036 
(Ic = 150 mAdc, Vcg = 10 Vdc) MM4036 
(с = 500 mAdc, МСЕ = 10 Мас} MM4036 
(Ic = 1.0 тАдс, Vcg = 10 Мас) MM4037 
(С = 150 mAdc, Vcg = 10 Мас) MM4037 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 150 mAdc, Ів = 15 mAdc) MM4036 
MM4037 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-238 


MM4036, MM4037 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Зутво | win | Typ | Мах | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) fr 100 
(С = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 

Input Capacitance Cibo 
(УВЕ = 0.5 Мас, Іс = 0, f = 1.0 MHz) MM4036, MM4037 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) MM4036 
MM4037 


SWITCHING CHARACTERISTICS 


(Усс = 30 Мас, lc = 150 mAdc, 


Turn-On Time І1 = 15 mAdc) 


Turn-Off Time ІВ1 = 182 = 15 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


(Vcc = 6.0 Vdc, Ic = 150 mAdc, 
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MM4052 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


CHOPPER AND 
SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 


Emitter-Collector Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Emitter Voltage VcEO 30 Vde 


Symbol 


VECO 
VCBO 
VEBO 30 


EnCEMET | 
| 3 | 


Vdc 


Collector Current — Continuous 00 


lc 5 
Total Device Dissipation @ TA = 25°C Pp 0.5 
Derate above 25°C 2.86 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Temperature Range 
eas ұла 
Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Operating and Storage Junction 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 
Emitter-Collector Breakdown Voltage(1) 
(IE = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage(1) 
ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current 
(Усв = 15 Мас, lg = 0) 
Emitter Cutoff Current 
Мев = 15 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
(іс = 10 mAdc, Vcg = 1.0 Мас) 
(С = 150 mAdc, Vcg = 1.0 Мас) 
(Ic = 150 mAdc, Vcg = 1.0 Мас) (Inverted) 
Offset Voltage 
(lig = 1.0 mAdc, ЈЕ = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 
(св = 10 Мас, ЈЕ = 0, 100 kHz = f < 1.0 MHz) 


Input Capacitance 
Мев = 10 Мас, Ic = 0, 100 kHz = f = 1.0 MHz) 


H I 


Small-Signal Current Gain 
(Ic = 10 mAdc, МСЕ 
(с = 10 mAdc, VCE 


1.0 Vdc, f = 1.0 kHz) 
1.0 Vdc, f = 4.0 MHz) 


“ON” Series Resistance 
(Ig = 10 mAdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 20%. 
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V(BR)CEO 
V(BR)ECO 
V(BR)CBO 
V(BR)EBO 


сво 


30 


30 


- 65 to +200 


Ç 


0.5 


ЕВО 


VEC(ofs) 


0.5 


SMALL-SIGNAL DEVICES 


MM4208 
MM4209 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to MM4257 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Smb | Min | Typ | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 3.0 тАдс, Ів = 0) MM4208 
MM4209 


Collector-Emitter Breakdown Voltage V(BR)CES 


(Ic = 100 дАдс, УВЕ = 0) MM4208 
MM4209 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 дАдс, ЈЕ = 0) MM4208 
MM4209 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 100 uAdc, Ic = 0) 


Collector Cutoff Current 
(МСЕ = 6.0 Мас, УВЕ = 0) MM4208 
(УСЕ = 8.0 Мас, УВЕ = 0) MM4209 
(ҮСЕ = 6.0 Мас, МВЕ = 0, ТА = 125°C) MM4208 
(УСЕ = 8.0 Мас, УвЕ = 0, TA = 125°C) ММ4209 
Base Current 


(Vcg = 6.0 Vdc, VBE MM4208 
(VcE = 8.0 Vdc, VBE ММ4209 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 0.5 Мас) MM4208 
MM4209 


uon H H 


йс = 10 mAdc, Vcg = 1.0 Мас) MM4208 
MM4209 


(Ic = 10 mAdc, Vcg = 1.0 Мас, TA = —55'C) MM4208 
MM4209 


(Ic = 50 mAdc, Vcg = 1.0 Vdc)(1) MM4208 
MM4209 


Collector-Emitter Saturation Voltage 

1.0 mAdc, lg = 0.1 mAdc) MM4208 

10 mAdc, lg = 1.0 mAdc) MM4208 

50 mAdc, Ів = 5.0 mAdc)(1) ММ4208, ММ4209 
1.0 mA, Ів = 0.1 mA) MM4209 

10 mA, Ів = 1.0 mA) ММ4209 


uu и 
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MM4208, MM4209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristie | Symbol | 


Base-Emitter Saturation Voltage VBE(sat) 


(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(с = 50 mAdc, Ів = 5.0 mAdc)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) MM4208 


Output Capacitance 
(Усв = 5.0 Мас, lg = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time е | = ЕСЕ DEDTM 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
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MM4257 
MM4258 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic — | Sym! | Min | тур | Mex | Unit | 


LI о |- |- | 
== pe |- |- || 


nal ГИ Е id 
and Ha Rl =m 


ICES 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 100 „Adc, УВЕ = 0) MM4257 
MM4258 


Collector-Emitter Sustaining Voltage(1) 
(Ic = 3.0 mAdc, Ig = 0) MM4257 
MM4258 


Collector-Base Breakdown Voltage 
(с = 100 „Adc, Іс = 0) MM4257 
MM4258 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vce = 6.0 Vdc, VBE = 0) 
(Vce = 3.0 Vdc, УвЕ = 0, TA = +65°C) 


ON CHARACTERISTICS(1) 


DC Current Gain 

(Ic = 1.0 mAdc, Vcg = 0.5 Мас) 
(Ic = 10 mAdc, Vcg = 0.3 Мас) 
(Ic = 50 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 
(с = 50 mAdc, lg = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) MM4257 
(с = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) MM4258 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


VCE(sat) Vde 
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MM4257, MM4258 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Fall Time 


Storage Time 


(Усс = 1.5 Vdc, УВЕ = 0, 
ІС = 10 mAdc, |8] = 1.0 mAdc) 


(Vcc = 1.5 Мас, 
lc = 10 mAdc, 


ІВ1 = ІВ2 = 1.0 mAdc) 


MM4257 
MM4258 


ММ4257 
ММ4258 


ММ4257 
MM4258 


MM4257 


Symbol | Min | 


ІТ, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


(Ic = 10 mAdc, въ = 10 mAdc, [82 = 10 mAdc) 
MM4258 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |hre| extrapolates to unity. 


TYPICAL TRANSIENT CHARACTERISTICS 


FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 2 — CAPACITANCE 


VCE = 5.0 V MM4257 
VCE - 10 V MM4258 


C, CAPACITANCE (pF) 


— папа: 
T D L Al 
n 30 1 


5.0 7.0 


Ic, COLLECTOR CURRENT (mA) VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — TURN-ON TIME FIGURE 4 — TURN-OFF TIME 


si <Е---- + ЕЕ. 


1, TIME (ns) 


ee Se КЕЕ ic/igp= 10 RH 
50 = HAHH TJ = 250C еве 
30 КЕН EN 
20 = 

5 
10 = a 
10 5 === 
50 == = 

mmm =. 

3.0 = || 
ЕЕ ЕЕ ея ELLE 
| I- арра ie АНЕ ss. а га = sh № |] H 
0 RRR ШЕШЕТІН! 10 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 1.0 20 3.0 7.0 10 20 30 50 70 100 


e 


Ic, COLLECTOR CURRENT (mA) 
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hFE, DC CURRENT GAIN 


MM4257, MM4258 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT 


Vout 
0.1 uF Zin > 100 k£2 
tr < 1.0 ns 


DC CURRENT GAIN 


FIGURE 6 — MM4257 FIGURE 7 — MM4258 


pa ILLO 
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Тү 
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ПЕЕ, DC CURRENT GAIN 


0 
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FIGURE 8 — “ON” VOLTAGES 
1.0 
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ММ5005 
MM5006 
MM5007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
[Rang Symbol |MME005 
Sasori уйне | Vero | е | 


Collector Current — Continuous 


ммвот Unit | 


| 
[=] 
dagg 
Q 
о 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ. Tstg —65 to +200 °G 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Ма | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ig = 0) MM5005 
ММ5006 


AUDIO TRANSISTOR 


PNP SILICON 


MM5007 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) MM5005 
ММ5006 
ММ5007 


Emitter-Base Breakdown Voltage У(ВВ)ЕВО 
ЧЕ = 100 дАдс, [С = 0) 
Collector Cutoff Current 
(Усв = 60 Мас, ЈЕ = 0) MM5005 
80 Мас, ЈЕ = 0) MM5006 
100 Мас, ЈЕ = 0) MM5007 


ON CHARACTERISTICS 

DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) All Types 
(С = 150 mAdc, Vcg = 2.5 Мас) ММ5005 
(Ic = 200 mAdc, Vcg = 2.5 Vdc) MM5006 
(Ic = 250 mAdc, Vcg = 2.5 Мас) MM5007 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) 

Base-Emitter On Voltage VBE(on) 
(Ic = 150 mAdc, Vcg = 2.5 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating 


MM5262 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
Refer to 2N3724 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


COo сю [эль | Mm | Tm | мы | ww | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 1.0 mAdc, УВЕ = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 75 Vdc 
(Ic = 10 Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 дАдс, Ic = 0) 

Collector Cutoff Current ICBO рАас 
(Усв = 75 Мас, lg = 0) 

Collector Cutoff Current ІСЕ5 pAdc 
(УСЕ = 60 Vdc, МВЕ = 0) 

Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 Аас, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 1.0 Adc, lg = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(1с = 1.0 Adc, lg = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 50 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


meum — — — — — — — T ње гра га ји 
[msnm — — — — T = ] m | m | = | 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MM5415 MAXIMUM RATINGS 
MM5416 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Base Current 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation (a Tc = 50°C 
Linear Derating Factor 


Operating and Storage Junction TJ, Tstg - 65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 
Characteristic Max Unit 
Thermal Resistance, Junction to Case 17.5 °C/W 
0 °C/W 


Thermal Resistance, Junction to Ambient 


TRANSISTOR 


PNP SILICON 


Refer to 2N5415 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(Ic = 10 mA, Ig = 0) MM5415 
MM5416 


Collector Cutoff Current 
(УСЕ = 150 Мас, lg = 0) ММ5415, ММ5416 


Collector Cutoff Current 
(МСЕ = 175 Мас, ЈЕ = 0) ММ5415 
(МСЕ = 280 Мас, lp = 0) MM5416 
Emitter Cutoff Current 
(VBE = 4.0 Мас, Іс = 0) MM5415 
(УВЕ = 7.0 Мас, Іс = 0) MM5416 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, Vcg = 10 Мас) MM5415 
MM5416 


Base-Emitter On Voltage 
(Ic = 50 mAdc, Vcg = 10 V) MM5415, MM5416 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 50 mAdc, Ів = 5.0 mAdc) MM5415, MM5416 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 10 Мас, f = 5.0 MHz) 


Output Capacitance Cobo pF 
(Vcg = 10 Мас, f = 1.0 MHz) 


Current Gain — High Frequency 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Real Part of Input Impedance Re(hie) 
(С = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MM6427 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


С вама ë | sa vae | Uk | 
сольное — — | Мю | 4 | № | 
| сопепоганечоњке | veso | so | va | 
[mmerüme Уйіне | veso | № | № | 
[Colector Current — Continuous — | ic | 39 | 


Total Device Dissipation @ TA = 25°C 375 mW 
Derate above 25°C 2.14 wrc 
Total Device Dissipation @ Tc = 25°C 1.25 Watts 
Derate above 25°C 7.15 wre 
Operating and Storage Junction ТЈ, Тад | -65 +200 °С 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Мах | Unt | 
Thermal Resistance, Junction to Case | Вес | 1470 | cw | 
Thermal Resistance, Junction to Ambient Raa 


DARLINGTON TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x теме [мы | Min | Ма | џл | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, Іс = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 12 Vde 
(Ip = 10 дАдс, Іс = 0) 

Collector Cutoff Current 


(Vcg = 30 Мас, Ip = 0) 


Emitter Cutoff Current 
(УВЕ = 10 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 
(Ic = 100 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ів = 0.1 mAdc) 


Base-Emitter On Voltage 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Мев = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 


(VBE = 0.5 Vdc, 1с = 0, = 100 kHz) 


Small-Signal Current Gain(1) 
(с = 10 mAdc, Vcg = 5.0 Мас, = 100 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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CASE 20-03 CASE 607-04 


CASE 22-03 CASE 610А-04 CASE 646 CASE 654-07 
TO-18 


Motorola's multiple (Duals and Quads) transistors have been 
implemented with discrete transistor chips that have proven to 
be the most popular for all-around performance at low cost. 

Packaging options include plastic and ceramic DIP's, ceramic 
flat pak, and various metal-can outlines. 


Multiple 
Transistors 


2N2060,A 
2N2223,A 
2N2480,A 


2N2060 JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD2218 for graphs. 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector-Emitter Voltage 0 PX 
Collector-Emitter Voltage VCER 0 NS 
Collector-Base Voltage Усво 100 ШЕТ 


VEBO 


VCEO 6 
8 


7.0 


Collector Current — Continuous lc 500 


2N2060,A 
Rating Symbol | 2N2223,A | 2N2480 | 2N2480A 


75 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 100 mAdc, ВВЕ = 10 ohms) 


Collector-Emitter Sustaining Voltage(1) 
(Ic = 20 mAdc, Ів = 0) 


(с = 30 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(с = 100 „Acdc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 100 дАдс, ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, IE = 0, Ta = 150°C) 


(Усв = 60 Мас, ЈЕ = 0) 
(VCB = 80 Мас, ЈЕ = 0) 
(св = 80 Мас, lg = 0, TA = 150°C) 


Emitter Cutoff Current 
(УВЕ = 5.0 Мас, Іс = 0) 


MOTOROLA SEMICONDUCTORS 


All Die 
One Die Equal Power 
Total Device Dissipation 
@ TA = 25°C mW 
2N2060,A 0.5 0.6 
2N2223,A 0.5 0.6 
2N2480,A 0.3 0.6 
Derate above 25°C mW/°C 
2N2060,A 2.86 3.43 
2N2223,A 2.86 3.43 
2N2480,A 1.72 3.43 
Total Device Dissipation | Pp | 
@ Tc = 25°C Watts 
2N2060,A 1.5 3.0 
2N2223,A 1.6 3.0 
2N2480,A 1.0 2.0 
Derate above 25°C mW/°C 
2N2060,A 8.6 17.2 
2N2223,A 9.1 11.4 
2N2480,A 11.4 
Operating and Storage Junction | Ty, Tstg —65 to +200 °C 
Temperature Range l 
Symbol Min | Мах | Unit 
| VCER(sus) 80 = Vde 
2N2060, 2N2060A, 2N2223, 2N2223A 
VCEO(sus) Vde 
2N2480 40 = 
2N2480A 40 — 
2N2060, 2N2060A, 2N2223, 2N2223A 60 -- 
V(BR)CBO Vde 
2N2060, 2N2060A, 2N2223, 2N2223A 100 — 
2N2480* 75 — 
2N2480A* 80 — 
V(BR)EBO Vdc 
2N2060, 2N2060A, 2N2223, 2N2223A 7.0 — 
2N2480, 2N2480A 5.0 — 
ICBO иАдс 
2М2480, 2N2480A — 15 
2N2480 — 0.050 
2N2480A — 0.020 
2N2060, 2N2060A — 0.002 
2N2223, 2N2223A — 0.010 
2N2060, 2N2060A — 10 
2N2223, 2N2223A — 15 
ЕВО nAdc 
2N2060, 2N2060A — 2.0 
2N2223, 2N2223A — 10 
2N2480 — 50 
2N2480A — 20 


SMALL-SIGNAL DEVICES 


2N2060,A 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


22 Ghaderstie | Sym! | м | Me [| џл | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 Adc, Vcg = 5.0 Мас) 


5.0 Vdc) 


(Ic = 100 џАдс, VCE 


(lc = 1.0 mAdc, Vcg = 5.0 Мас) 


(с = 10 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, 


f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, 
f = 1.0 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, 
f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, 
f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, 
f = 1.0 kHz) 


Output Admittance 
(С = 1.0 mAdc, Vcg = 5.0 Мас, 
f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, 
f = 1.0 kHz) 


Noise Figure 
(Ic = 0.3 mAdc, Vcg = 10 Vdc, 
Rs = 5100, 
f = 1.0 kHz, BW = 1.0 Hz) 


(Ic = 0.3 mAdc, Vcg = 10 Мас, 


2N2060, 2N2060A 
2N2223, 2N2223A 


2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 

2N2480A 


2N2060, 2N2060A 
2N2480 . 
2N2480A 


2N2060, 2N2060A 
2N2223, 2N2223A 


2N2060A 
2N2060, 2N2223, 2N2223A, 2N2480A 
2N2480 


2N2060, 2N2060A, 
2N2223, 2N2223A, 2N2480A 
2N2480 


2N2223, 2N2223A 
2N2480, 2N2480A 
2N2060, 2N2060A 


Cobo 
2N2060, 2N2060A, 2N2223, 2N2223A 


2N2480A 
2N2480 


Cibo 
2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 


2N2060, 2N2060A 
2N2480A 


2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480A 


hrb 


2N2223, 2N2223A 


2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480A 


2N2060, 2N2060A, 2N2480A 
hob 


2N2223, 2N2223A 
NF 


2N2480, 2N2480A 


VCE(sat) 


VBE(sat) 


ohms 

ohms 

Ем "n 
50 150 
40 200 
50 300 

Gul T 

umhos 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N2060,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


= 5100, 

1.0 kHz, BW = 200 Hz) 

= 0.3 mAdc, VcE = 10 Vdc, 
= 1.0 КО, 

f = 1.0 kHz, BW = 15.7 kHz)(2) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(с = 100 „Адс, Vcg = 5.0 Мас) 


2N2060, 2N2060A 


Rs 
t= 
(Ic 
Rs 


2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 2N2060, 2N2060A 
2N2480, 2N2480 


Base-Emitter Voltage Differential 
(с = 100 џАдс, Vcg = 5.0 Мас) 2N2060A 

2N2060, 2N2223A, 2N2480A 

2N2480 

2N2223 

(с = 1.0 mAdc, Vcg = 5.0 Мас) 2N2060, 2N2060A, 2N2480A 

2N2480 


Base-Emitter Voltage Differential Change Due to Temperature 
(с = 100 џАдс, Vcg = 5.0 Мас, 
TA = —55'C to +125°С) 2N2060A 

2N2060 

2N2223, 2N2223A 


2N2480, 2N2480A 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) Amplifier: 3.0 Db points at 25 Hz and 10 kHz with a roll-off of 6.9 dB per octave. 
(3) The lowest hfg reading is taken as hFE1 for this ratio. 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT 


hFE1/hFE2 


IVBE1-VBE2| 


FIGURE 2 — "ON" VOLTAGES 


hpg, CURRENT GAIN 


0.01 0.1 1.0 10 
Ic, COLLECTOR CURRENT (МА) 


10 100 
Ic, COLLECTOR CURRENT (MA) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


2N2453,A 


CASE 654-07, STYLE 1 


MAXIMUM ae 


БЕНЕН," | Sb лава anata] ок | 
cweseEmmervomge | vero | 40 | so | ve | 
| CotectorBase Vote — | veso | so | № | va | 
[zmmersee voe — | veso | — 79 | va | 
Pe Te Ы Г ЖЫП А 

Гола ОУ БЕНЕН 


Total Device Dissipation @ Ta = 25°C 300 mW 
Derate above 25°C 1.71 mW^C 
Total Device Dissipation @ Tc = 25°C 600 1200 mW 
Derate above 25°C 3.43 6.86 mW/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vdc 
(Ic = 10 mAdc, Ig = 0) 2N2453 
2N2453A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, Ip = 0) 2N2453 60 
2N2453A 80 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
ЧЕ = 0.1 дАдс, Ic = 0) 
Collector Cutoff Current ICBO иАдс 
(Усв = 50 Мас, lg = 0) 0.005 
(Vcg = 50 Мас, ЈЕ = 0, Ta = 150°C) 10 
Emitter Cutoff Current pAdc 
(УВЕ = 5.0 Мас, Іс = 0) 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2920 for graphs. 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 uAdc, МСЕ = 5.0 Мас) 

(Ic = 10 џАдс, МСЕ = 5.0 Мас, TA = —55'C) 
(С = 1.0 mAdc, Vcg = 5.0 Мас) 

(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, TA = 


Collector-Emitter Saturation Voltage 
(Ic = 5.0 mAdc, lg = 0.5 mAdc) 


Base-Emitter Saturation Voltage 
(с = 5.0 mAdc, lg = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 30 MHz) 


Output Capacitance Cobo 
(Vcg = 10 Мас, lg = 0, f = 140 kHz) 
Input Capacitance Cibo 
(УВЕ = 0.5 Мас, Ic = 0, f = 140 kHz) 
Input Impedance kohms 
(Ic = 1.0 mAdc, Мсе = 5.0 Мас, f = 1.0 kHz) 
Ж ИВ ЊЕ Бена 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


N H 


—55°C) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


2N2453,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rs = 10 КО, f = 1.0 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hrE1/hrE2 
(Ic = 100 дАдс, УСЕ = 5.0 Мас) 2N2453A 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 

(с = 1.0 mAdc, УСЕ = 5.0 Мас, Ta = —55'C to + 125°С) 
Base-Emitter Voltage Differential IVBE1- VBE2| 
(Ic = 10 рАас, Vcg = 5.0 Мас) 

(с = 1.0 mAdc, Vcg = 5.0 Мас) 


Base-Emitter Voltage Differential Gradient А(УВЕ1-УВЕ?) 
(Ic = 10 дАдс, Vcg = 5.0 Мас, TA = —55°С to +125°С) 2N2453 АТА 
2N2453A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 
(2) Lowest hfg reading is taken as hFE1 for this ratio. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N2639 
thru 
2N2644 


MAXIMUM RATINGS 


| Raing — [эт] Value — | Unit | 
Collector-Emitter Voltage | Мсео | 45 | ме | 
| Collector-Base Voltage | Vcgo | 4% ме 
| Emitter-Base Voltage —  — — (|Vego | — 80 — | Vd | 
Collector Current — Continuous | ic | | 30 | маае | 

[One Die [Both Die) — | 


Total Device Dissipation @ Ta = 25°C 300 600 mW 
Derate above 25°C 1.72 3.43 mW/°C 
Total Device Dissipation @ Tc = 25°C 600 1200 mW 
Derate above 25°C 3.43 6.87 mW^C 
Operating and Storage Junction TJ, Tstg —65 to +200 *C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic |  Symbi | Mim | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) Мас 
(с = 10 mAdc, lg = 0) 

Collector Cutoff Current ІСЕО рАас 
(УСЕ = 5.0 Мас, Ів = 0) 

Collector Cutoff Current ІСВО pAdc 
(Vcg = 45 Мас, ЈЕ = 0) 0.010 
(Vcg = 45 Мас, ЈЕ = 0, Ta = +150°C) 10 

Emitter Cutoff Current Аас 
(Veg = 5.0 Мас, Іс = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 (Адас, Vcg = 5.0 Мас) 2N2639, 2N2640, 2N2641 50 
2N2642, 2N2643, 2N2644 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2913 for graphs. 


(Ic = 10 џАдс, Vcg = 5.0 Мас, TA = – 55°С) 2N2639, 2N2640, 2N2641 10 
2N2642, 2N2643, 2N2644 20 


(Ic = 100 uAdc, Vcg = 5.0 Мас) 2N2639, 2N2640, 2N2641 55 
2N2642, 2N2643, 2N2644 110 


(С = 1.0 mAdc, Vcg = 5.0 Мас) 2N2639, 2N2640, 2N2641 65 
2N2642, 2N2643, 2N2644 130 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, Ів = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 0.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 1.0 mAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, lg = 0, f = 1.0 MHz) 


Input Impedance 


(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz, IE 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz, IE 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2639 thru 2N2644 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


Output Admittance 

(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz, lg = —1.0 mA) 
Noise Figure 

(Ic = 10 џАдс, Vcg = 5.0 Мас, 

Rs = 10 КО, Bandwidth = 10 Hz to 15 kHz) 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hrEe1/hrE2 

(Ic = 10 дАдс, Vcg = 5.0 Мас) 2N2639, 2N2642 

2N2640, 2N2643 

Base-Emitter Voltage Differential IVBE1-VBE2| 
(Ic = 10 „Adc, Vcg = 5.0 Мас) 2N2639, 2N2642 


2N2640, 2N2643 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(Ic = 10 „Adc, Vcg = 5.0 Мас, TA = —55to +125°C) 2М2639, 2N2642 ATA 
2N2640, 2N2643 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) The lowest hfg reading is taken as hFE1 for this test. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N2652,A 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


EI. ae 
Both Die 


Total Device Dissipation @ Ta = 25°C 0.3 
Derate above 25°C 1.72 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2060,A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
x Chi | Sm | Mm | Me | Un | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 20 mAdc, в = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 100 uAdc, ЈЕ = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 100 uAdc, Ic = 0) 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) 
(Vcg = 50 Мас, lg = 0, Ta = 150°C) 


Emitter Cutoff Current (УВЕ = 5.0 Мас, Ic = 0) 2N2652 
ON CHARACTERISTICS 


(Ic = 100 дАдс, Vcg = 5.0 Мас) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, TA = —55°C) 


Collector-Emitter Saturation Voltage (lc = 50 mAdc, lg = 5.0 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (lc = 50 mAdc, Ів = 5.0 mAdc) VBE(sat 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Іс = 50 mAdc, Vcg = 10 Мас, f = 20 MHz) 


[в | 
| Output Capacitance (Vcg = 10 Vdc. lg = 04-190 |1 Со | - | % | 
ШЕТТЕРИ Е eae 

ET 

PETER 


DC Current Gain 


lI 


Input Capacitance (Уве = 0, 0.5 Мас, Іс = 0, f = 1.0 MHz) 
Input Impedance (ІС = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 


Input Impedance (lc = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) hib 
Small-Signal Current Gain (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Output Admittance 


Noise Figure 
(с = 0.3 mAdc, Vcg = 10 Vdc, Rs = 610 ohms, B. W. = 1.0 Hz, f = 1.0 kHz) 


MATCHING CHARACTERISTICS 


DC Current бат Ratio(2) (Іс = 100 „Adc, Vcg = 5.0 Мас) 2N2652 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N2652 


100 „Айс, VcE 
1.0 mAdc, VcE 


hFE1/hFE2 0.85 1.0 
0.85 1.0 
A(VBE1-VBE2) иМРС 
АТА 
(1) Pulse Test: Pulse Width = 300 из, Duty Cycle < 2.0%. 


(2) The lowest of the two hfg readings is taken аз ВЕЕТ for the purpose of measurement. 


5.0 Vdc) 


Base-Emitter Voltage Differential (Ic 
5.0 Vdc) 


(Ic 


Base-Emitter Voltage Differential Gradient 
(ІС = 100 „Adc, Vcg = 5.0 Vdc, TA = —55 to +125°C) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2720 
2N2721 


CASE 654-07, STYLE 1 
MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage VCEO 60 


Collector-Base Voltage VCBO 80 Vdc 


Emitter-Base Voltage VEBO 6.0 Vdc 


Collector Current — Continuous 


One Die | Both Die 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ TA 
Derate above 25°C 


Total Device Dissipation @ Tc 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg - 65 to +200 
Temperature Range 


Refer to 2N2060 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
Collector Cutoff Current (Vcg = 
Collector Cutoff Current (Vcg = 


(Усв 
Emitter Cutoff Current = 


(VEB 
ON CHARACTERISTICS 
DC Current бат (Ic = 100 uAdc, VCE 


(с = 10 mAdc, Ів = 0) 
5.0 Vde, Ip = 0) 


60 Мас, ЈЕ = 0) 
60 Vdc, lp = 0, TA = 150°C) 


5.0 Мас, Іс = 0) 


V(BR)CEO 


| 


5.0 Мас) hFE 30 120 = 
(с = 1.0 mAdc, Vcg = 5.0 Мас) 35 


(Ic = 10 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage (Іс = 10 mAdc, lg = 1.0 mAdc) 


"I 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (Іс = 10 mAdc, Vcg = 10 Мас, = 20 MHz) 

Output Capacitance (Vcg = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 
ЧЕ = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
Voltage Feedback Ratio (Е = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
Small-Signal Current Gain (Іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 

Output Admittance (lg = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(с = 100 „Adc, Vcg = 5.0 Мас) 2N2720 
2N2721 


Input Impedance 


hrE1/hrg2 


Base-Emitter Voltage Differential 
(Ic = 100 uAdc, Vcg = 5.0 Мас) 2N2720 
2N2721 


ІМвел-Увег2! 


Base-Emitter Voltage Differential Change Due to Temperature 
(Ic = 100 uAdc, УСЕ = 5.0 Мас, TA = —55to +25°C) 2М2720 
2N2721 


A(VBE1-VBE2) 


(1с = 100 pAde, Vcg = 5.0 Мас, Ta = +25 to +125°C) 2N2720 
2N2721 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% 
(2) The lower of the two hfe readings is taken as hFE1 for the purpose of measurement. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N2722 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 40 


Total Device Dissipation (v TA 0.3 0.6 
Derate above 25°C Тай 3.4 
Total Device Dissipation @ Тс = ЗЕЯ L2 
6.8 


Derate above 25°C . 
Operating and Storage Junction TJ, Tstg —65 to +200 зе 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, lg = 0) V(BR)CEO | 45 | — | ve | 

Collector-Base Breakdown Voltage (Іс = 10 „Adc, ЈЕ = 0) V(BR)CBO | 4 | — | wd | 

Collector Cutoff Current (Vc = 5.0 Мас, lg = 0) ко | — | 20 | пас | 
10 uAdc, Vcg = 5.0 Мас) 


Collector Cutoff Current (Vcg = 30 Мас, ЈЕ = 0) 
50 
= 100 
= 0.1 mAdc, Vcg = 5.0 Vdc) 125 


(Усв = 30 Мас, IE = 0, TA = 150°C) 
Collector-Emitter Saturation Voltage (lc = 10 mAdc, lg = 0.5 mAdc) VCE(sat) | = | за | № | 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 0.5 mAdc) VBE(sat | oes | оя | Мас | 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (lc = 10 mAdc, Vcg = 10 Мас, f = 20 MHz) 
Output Capacitance (Vcg = 5.0 Мас, lp = 0, f = 1.0 MHz) 

Input Impedance (lg = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ip = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) [ м | 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2920 for graphs. 


Emitter Cutoff Current (Veg = 5.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 „Adc, Vcg = 5.0 Мас) 


Small-Signal Current Gain (lg = 0.1 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
Output Admittance (lg = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) 

Noise Figure (lc = 10 „Адс, Vcg = 5.0 Мас, Rs = 10 КО, f = 10 Hz to 15.7 kHz) 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 

(Ic = 1.0 дАдс, Vcg = 5.0 Мас) 
Base-Emitter Voltage Differential 
(Ic = 10 uAdc, УсЕ = 5.0 Мас) 


Base-Emitter Voltage Differential Change Due to Temperature 
(Ic = 10 uAdc, Vcg = 5.0 Мас, TA = —55to + 25°С) 
(Ic = 10 pAdc, Vcg = 5.0 Мас, TA = +25 to + 125°С) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) The lower of the two hfg readings is taken as ВЕЕТ for the purpose of measurement. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2723 


CASE 20-03, STYLE 8 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCE20 60 Vdc 
(Base 1 and Base 2 open) 
Collector-Base Voltage VCB1 80 Vdc 
Emitter-Base Voltage VE2B1 Vdc 
Collector Current — Continuous Ic 40 Adc 
Total Device Dissipation @ TA = 25°C Pp 0.5 Watt 
DARLINGTON TRANSISTOR erate abora 25 29 mW^C 
NPN SILICON Total Device Dissipation @ Tc = 25°C Pp 1.8 Watts 
Derate above 25°C 10.5 mW^C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CE20 Vdc 
(Ic = 10 mAdc, въ = 0) 


Collector-Base Breakdown Voltage V(BR)CB10 
(Ic = 10 „Adc, |Ее2 = 0) 


Emitter-Base Breakdown Voltage V(BR)E2B10 
(Е2 = 10 дАдс, Ic = 0) 

Collector Cutoff Current ІСВ10 pAdc 
(Усв1 = 60 Мас, ЈЕ = 0) 0.01 
(Усв1 = 60 Vdc, ЈЕ = 0, Ta = 150°C) 10 

Emitter Cutoff Current IE2B10 nAdc 
(Ув1Е2 = 10 Мас, Іс = 0) 

ON CHARACTERISTICS 


DC Current Gain 2000 10,000 
(Ic = 10 mAdc, Vcg2 = 5.0 Vdc, 1в2 = 0) 

Collector-Emitter Saturation Voltage VCE2(sat) 
(Ic = 10 mAdc, |81 = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE?2 (sat) Ма 
(с = 10 mAdc, |81 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(VcB1 = 10 Мас, lg2 = 0, f = 140 kHz) 
Small-Signal Current Gain 

(Ic = 10 mAdc, VcE2 = 5.0 Vde, f = 1.0 kHz) 


Current Gain — Bandwidth Product (Each Unit) 
(Ic = 10 mAdc, МСЕ1 or VcE2 = 10 Мас, = 20 MHz) 


Noise Figure (Input Stage Only) 
(Ic = 50 рАас, Vcg = 5.0 Мас, Rs = 3.0 kohms, f = 1.0 kHz, BW = 100 Hz) 


(1) Pulse Test: Pulse Width « 12 ms, Duty Cycle < 2.0%. 
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2N2785 


CASE 22-03, STYLE 8 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
(Base 1 and Base 2 open) 


Collector-Base Voltage 


Emitter-Base Voltage 
(Pin 4 to Pin 2) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


DARLINGTON TRANSISTOR 


Total Device Dissipation @ Tc = 25°C NPN SILICON 


Derate above 25°C 
Operating and Storage Junction ТЈ, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO20 Vdc 
(с = 20 тАас, въ = 0) 

Collector-Base Breakdown Voltage V(BR)CBO10 Vdc 
(Ic = 100 „Adc, 162 = 0) 

Emitter-Base Breakdown Voltage V(BR)E2BO10 15 Vdc 
(Е2 = 100 „Айс, Іс = 0) 

Collector Cutoff Current ІСЕО nAdc 
(УСЕ = 20 Мас, lg = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB1 = 30 Мас, ЈЕ = 0) 
(VcB1 = 30 Мас, Іс = 0, Ta = 150°C) 

Emitter Cutoff Current 
(VE2B1 = 5.0 Мас, Іс = 0) 

ON CHARACTERISTICS 


DC Current Gain(1) 
1.0 mAdc, Усе2 = 4.0 Мас) 
10 mAdc, Vcg2 = 5.0 Мас) 

100 mAdc, Vcg2 = 5.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 15 mAdc, въ = 3.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB1 = 10 Мас, 162 = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Усв1 = 5.0 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Усе2 = 5.0 Мас, f = 1.0 kHz) 


Refer to 2N998 for graphs. 


пи Hl 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE2 = 5.0 Мас, f = 1.0 kHz) 


Current Gain — High Frequency 
(с = 1.0 mAdc, VcE2 = 5.0 Мас, f = 10 MHz) 


Output Admittance 
(Ic = 1.0 mAdc, Усвъ = 5.0 Мас, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N2903 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta 
Derate above 25°C 


Total Device Dissipation (a Tc 
Derate above 25*C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Collector-Emitter Voltage VCEO 30 
60 


25:6 


Symbol Value 


VcBO 


5 


0 


300 
1.71 


One Die 


је 
mW 
mW/C 


Watts 
mW/°C 


°С 


TJ, Tstg —65 to +200 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) (lc = 10 mAdc, Ів = 0) 
(Ic = 10 мАас, ЈЕ = 0) 
ЧЕ = 0.1 дАдс, Ic = 0) 


(Vcg = 50 Мас, ЈЕ = 0) 
(Усв = 50 Мас, ЈЕ = 0, Ta = 150°C) 


(УВЕ = 5.0 Vdc, Ic = 0) 


Collector-Base Breakdown Voltage 


Emitter-Base Breakdown Voltage 
Collector Cutoff Current 


Emitter Cutoff Current 
ON CHARACTERISTICS 


DC Current Gain (Іс = 10 uAdc, МСЕ = 
(Ic = 10 дАдс, VcE 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 

(с = 1.0 mAdc, Vcg = 5.0 Мас, TA = —55'C) 


5.0 Vdc) 
5.0 Vdc, Ta = —55'C) 


| 


Symbol Min Max Unit 
---- Grae ТИР A “Жа 
VCEO(sus) 30 — Vdc 
V(BR)CBO 


V(BR)EBO 
ICBO 


Collector-Emitter Saturation Voltage (lc = 5.0 mAdc, Ів = 0.5 mAdc) 


Base-Emitter Saturation Voltage (lc = 5.0 mAdc, lg = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (lc = 5.0 mAdc, Vcg = 10 Мас, f = 30 MHz) 


Output Capacitance (Vcg = 10 Мас, lp = 0, f = 140 kHz) 


Input Capacitance (Уве = 0.5 Мас, Ic = 0, f = 140 kHz) 


Input Impedance (lc = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Input Impedance (іс = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio (Іс = 1.0 mAdc, Vcg = 5.0 Мас, = 1.0 kHz) 

(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 

(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 

(с = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 

Noise Figure (Іс = 10 „Адс, МСЕ = 5.0 Мас, Rs = 10 kohms, f = 1.0 kHz) 
MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) (Іс = 1.0 mAdc, Vcg = 5.0 Vdc) 

Base-Emitter Voltage Differential (Іс = 10 wAdc, Vcg = 5.0 Мас) 


Voltage Feedback Ratio 
Small-Signal Current Gain 
Output Admittance 
Output Admittance 


Base-Emitter Voltage Differential Gradient 
(с = 10 uAdc, Vcg = 5.0 Мас, TA = —55'C to + 125°C) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) Lowest hfg reading is taken as hrg1 for this ratio. 
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hrE1/hrE2 


IVBE1- VBE2! 


A(VBE1-VBE2) 
ATA 


SMALL-SIGNAL DEVICES 


2N2913 
thru 
MAXIMUM RATINGS 2N2920 


thru 2N2919 
2N2920 


JAN, JTX, JTXV, JANS AVAILABLE 
CASE 654-07, STYLE 1 


Collector Current — Continuous | | m | 
One Die | BothDie| || 


Total Device Dissipation 
@ TA = 25°C 


Derate above 25°C 
Total Device Dissipation 


mW 
@ Tc = 25°C 750 1500 mW/°C 
Derate above 25°C 4.3 8.6 
Operating and Storage Junction Ty, Tstg —65 to +200 °С 
Temperature Range 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


V(BR)CEO(sus) 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ів = 0) 2N2913 thru 18, 
2N2919, 2N2920 


Collector-Base Breakdown Voltage V(BR)CBO 


(Ic = 10 џАдс, ЈЕ = 0) 2N2913 thru 18, 
2N2919, 2N2920 


45 
60 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current ІСЕО рАас 
(ҮСЕ = 5.0 Мас, ІВ = 0) 


Collector Cutoff Current ІСВО иАдс 
0.010 
0.002 
(Усв = 45 Мас, lg = 0, Ta = 150°C) All Types 10 


(Vcg = 45 Мас, ЈЕ = 0) 2N2913 thru 18, 
2N2919, 2N2920 
Emitter Cutoff Current Аас 
(VEB = 5.0 Мас, Іс = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 


(Ic = 10 џАдс, Vcg = 5.0 Мас) 2N2913,15,17,19, 
2N2914,16,18,20 


2N2913,15,17,19, 
2N2914,16,18, 
2N2920 


(С = 10 рАас, Vcg = 5.0 Мас, ТА = —55'C) 


2N2913,15,17,19, 


(с = 100 мАас, Vcg = 5.0 Мас) 
2N2914,16,18,20 


2N2913,15,17,19, 
2N2914,16,18,20 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 

Base-Emitter On Voltage VBE(on) 0.7 Vde 
(с = 100 Adc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT 
(Ic = 500 „Adc, Vcg = 5.0 Мас, f = 20 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


йс = 1.0 mAdc, Vcg = 5.0 Мас) 
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2N2913 thru 2N2920 


ELECTRICAL CHARACTERISTICS пней (Ta = 25°C unless otherwise noted.) 
Output Capacitance 
(Vcg = 5.0 Мас, ЈЕ = 0, f = 140 kHz) 
Input Impedance 
(с = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 
Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rs = 10 КО, 2N2914,16,18,20, 
f = 1.0 kHz, BW = 200 Hz) 2N2913,15,17,19 


(Ic = 10 дАдс, УСЕ = 5.0 Мас, Rg = 10 КО, 2N2914,16,18,20, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 2N2913,15,17,19 
MATCHING CHARACTERISTICS 
DC Current Gain Ratio(2) 
(Ic = 100 wAdc, Vcg = 5.0 Мас) 2N2917,18, 
2N2915,16,19,20 


hFE1/hFE2 


Base-Emitter Voltage Differential 
(Ic = 10 дАдс to 1.0 mAdc, Vcg = 5.0 Мас) 2N2917,18, 
2N2915,16,19,20 


IVBE1-VBE2! 


(с = 100 рАас, Vcg = 5.0 Мас) 2N2917,18, 
2N2915,16,19,20 
Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) 
(Ic = 100 „Адс, Vcg = 5.0 Мас, 
TA = —55°C to +25°C) 2N2917,18, 
2N2915,16,19,20 


(с = 100 Adc, Vcg = 5.0 Мас, 2N2917,18 

TA = +25°C to +125°C) 2N2915,16,19,20 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) The lowest НЕЕ reading is taken as ВЕЕТ for this ratio. 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT 


hpg, CURRENT GAIN 


= 
ЕН 
0.01 005 0.1 05 10 50 10 50 100 0.01 0.05 0.1 10 


Іс, COLLECTOR CURRENT (МА) 


пре, CURRENT GAIN 
8 


10 


5 5.0 10 50 100 
Iç, ш CURRENT (MA) 


FIGURE 3 — “ON” VOLTAGES 


УДА ТШШЩ 
А Ы 


FIGURE 4 — "ON" VOLTAGES 


"ЩЩ ШШШ 


ВР! 
p» ||| 


НІҢ 
HH HHE ШЕЛ " HH HR pe 
= ШТ = + eon e en HHA ЕТТІ 
S os = T E 8 06 Н Ш ИИИ!!! 
= НЫ Seu HN RAE RO m ВЕНА TM ИЙИП ШЕШ 
S aUI T MTT T | Sa LL LUE LE LEE ELLO 
© 0. а 04 
Е ШЕШШ 5 ТИШТИ 
Eee и tte res Ж ЕНИ нед 
и ШШ 
m маб @ lig = 10 АЦА. пи HLH Neen e c = о +t 
0 L lll Сен Н-1111) 0 eee RET ШЇ 
0.01 01 10 10 100 0.01 0.1 1.0 10 100 
Ic, COLLECTOR CURRENT (MA) Ic, COLLECTOR CURRENT (МА) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
[Conectorsase он | veso а 


Emitter-Base Voltage 


| One Die | Both Die| | | 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 250 mW 
Derate above 25°C 1.67 mW^C 

Total Device Dissipation @ Tc = 25°C 0.7 Watts 
Derate above 25°C 4.67 mW^C 


Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


2N3043 
thru 
2N3048 


CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ів = 0) 


== | = [= [= 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 45 Мас, lg = 0) 
(Усв = 45 Мас, ЈЕ = 0, Ta = +150°C) 


Emitter Cutoff Current 
(Veg = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 


(С = 10 pAde, Vcg = 5.0 Мас) 2N3043, 2N3044, 2N3045 


2N3046, 2N3047, 2N3048 


2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 0.5 mAdc) 


VCE(sat) 
VBE 


ВИ Ој ти] 
dc 


Base-Emitter On Voltage V 
(Ic = 10 mAdc, МСЕ = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcg = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 


2N3046, 2N3047, 2N3048 


Small-Signal Current Gain 
2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rg = 10 kohms, Bandwidth = 10 Hz to 15.7 kHz) 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N3043 thru 2N3048 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(С = 10 џАдс, Vcg = 5.0 Мас) 


2N3043, 2N3046 
2N3044, 2N3047 


Base-Emitter Voltage Differential 
(Ic = 10 Adc, Vcg = 5.0 Мас) 


2N3043, 2N3046 
2N3044, 2N3047 


Base-Emitter Voltage Differential Temperature Gradient 
(Ic = 10 uAdc, Vcg = 5.0 Мас, Ta = —55 їо +125°C) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) The lowest hfg reading is taken as hrg1 for this test. 


MOTOROLA SEMICONDUCTORS 


2N3043, 2N3046 
2N3044, 2N3047 
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Symbol 


hrE1/hrE2 


VgE1-VBE2I 


A(VBE1-VBE2) 
ATA 


SMALL-SIGNAL DEVICES 


2N3425 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


Symbot| Value | Unit | 
Collector-Emitter Voltage VCEO 


[CMesortmmervomge — — | veer | — 20 | Ve | 
[тшге е _ — veso | мю | Ve | 
бы | 


Total Device Dissipation @ Ta = 25°C 0.3 0.4 Watt 
Derate above 25°C 1.72 2.28 mW/°C 
Total Device Dissipation @ Tc = 25°C 0.75 1.5 Watts 
Derate above 25°C 4.3 8.55 mW/^C 
Operating and Storage Junction TJ, Tstg - 6510 +200 °G 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 Cmamtestie | ӛте | ма | Mex | Ut | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 30 mAdc, ВВЕ = 10 ohms) 


DUAL 
AMPLIFIER TRANSISTORS 


NPN SILICON 


Refer to MD2369,A,B for graphs. 


Collector-Emitter Sustaining Voltage(1) (с = 10 mAdc, Ів = 0) VCEO(sus) 
Collector-Base Breakdown Voltage (lc = 10 „Adc, ЈЕ = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (lg = 10 „Adc, Іс = 0) V(BR)EBO | о | = | № | 


Collector Cutoff Current (Vcg = 20 Мас, VEB(off) = 0.25 Vdc, TA = 125°C) 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) 
(VcB = 20 VDc, Іс = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 


(с = 0.5 mAdc, Vcg = 1.0 Vdc) 
ІС = 10 mAdc, Vcg = 1.0 Vdc) 
(С = 10 mAdc, Vcg = 1.0 Мас, ТА = —55°C) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, в = 1.0 mAdc) 
(Ic = 7.0 mAdc, Ів = 0.7 mAdc, ТА = —55'C to + 125°C) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 7.0 mAdc, Ів = 0.7 mAdc, TA = – 55°С) 


SMALL-SIGNAL CHARACTERISTICS 


[ Output Capacitance (Уса = t0 Vás = оле мои — _ [сш | — | = | | 
Пора Capacitance ae = 05 Удо с оона — | Ce | — | во | | 
Small-Signal Current Gain (Іс = 10 mAdc, Vcg = 1.0 Мас, f = 1.0 kHz) a la | = 


Real Part of Input Impedance (Іс = 10 mAdc, Vcg = 10 Vdc, f = 300 MHz) 
SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 10 mAdc, въ = 10 mAdc, Ig2 = 10 mAdc) 


Turn-On Time 


ШЕ! 


(Vcc = 3.0 Мас, Уев(он) = 2.0 Мас, Іс = 10 mAdc, въ = 3.0 mAdc) 


Turn-Off Time 
(Усс = 3.0 Мас, Ic = 10 mAdc, въ = 3.0 тАас, [82 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 1.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N3726 
2N3727 MAXIMUM RATINGS 


Rating Symbol Value Unit 
CASE 654-07, STYLE 1 Collector-Emitter Voltage VCEO 45 Vdc 
Collector-Base Voltage VcBO 45 Vdc 
Emitter-Base Voltage VEBO 5.0 Vdc 

Base Current IB 100 mAdc 

Collector Current — Continuous Ic 300 mAdc 


One Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction - 65 to +200 
Temperature Range 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Collector, to Collector2 Voltage +200 
Voltage rating any lead to case +200 


Refer to MD2905,A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 45 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.01 mAdc, Іс = 0) 


45 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
(IE = 0.01 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 30 Мас, lg = 0) 
(Vcg = 30 Мас, ЈЕ = 0, TA = 150°C) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 0.01 mAdc, Vcg = 5.0 Мас) 
0.1 mAdc, Vcg = 5.0 Мас) 
1.0 mAdc, VCE = 5.0 Vdc) 
(Ic = 50 mAdc, Vcg = 5.0 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 50 mAdc, Ів = 2.5 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 50 mAdc, lg = 2.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 20 MHz) 
(с = 50 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance 
(Veg = 0.5 Мас, Ic = 0, f = 1.0 MHz) 
Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Small-Signal Current Gain 
(1С = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3726, 2N3727 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Admittance 


(С = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(с = 30 рАчс, Vcg = 5.0 Мас, Rs = 10 kohms, f = 1.0 kHz, B.W. = 200 Hz) 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential 
(Ic = 0.1 mAdc to 1.0 mAdc, Vcg = 5.0 Vdc) 2N3726 
2N3727 


Base-Emitter Differential Change Due to Temperature А(Уве1-Уве2) 
(с = 0.1 mAdc to 1.0 mAdc, Vcg = 5.0 Мас, Ta = —55°С to +25°C) 2М3726 
2N3727 


(С = 0.1 mAdc to 1.0 mAdc, Vcg = 5.0 Мас, ТА = +25°C to +125°C) 2М3726 
2N3727 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) Ң is defined аз the frequency at which |hfe| extrapolates to unity. 
(3) For purposes of this ratio, the lowest hfg reading is taken as hFE1. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3806 thru 
2N3810,A 
2N3811,A 


CASE 654-07, STYLE 1 


2N3812 thru 
2N3816,A 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage VEBO 5.0 Vde 


Collector Current — Continuous Ic 


One Die 


2N3817,A / 


Total Device Dissipation Pp mW 
@ TA = 25°C 500 600 
Metal Can (2N3806 thru 
CASE 610A-04, STYLE 1 2N3810,A, 2М3811,А) 
2N3810, 2N3811 — JAN, JTX, JTXV Derate above 25°C 2.86 3.43 mW^C 
AVAILABLE Total Device Dissipation Pp mW 
@ Тс = 25°C 250 350 
Flat Package (2N3812 thru 
DUAL 2N3816,A, 2N3817,A) 
AMPLIFIER TRANSISTOR Derate above 25°C 1.5 2.06 |mW/C 


Operating and Storage Junction 
Temperature Range 


PNP SILICON MN E + 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 
НМ” Ге ҮЕДЕ ы БЕЗЕП Те! 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 60 — Vdc 


(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 60 — Vdc 
(Ic = 10 дАдс, ЈЕ = 0) 
ELL——— ————————————————————————————g———— = 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc 
(IE = 10 „Adc, Ic = 0) 
Collector Cutoff Current ICBO uAdc 
(Усв = 50 Мас, ЈЕ = 0) — 0.01 


(св = 50 Мас, lg = 0, TA = 150°C) — 10 
Emitter Cutoff Current ІЕВО -- 20 nAdc 


(УВЕ = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


Е 
DC Current Gain(1) ПЕЕ zs 
(Ic = 1.0 Adc, Vcg = 5.0 Мас) 2N3807,9,11,A,13,15,17,A 75 — 
(с = 10 „Адс, Vcg = 5.0 Мас) 2N3806,8,10,A,12,14,16,A 100 — 
2N3807,9,11,A,13,15,17,A 225 — 
(Ic = 100 „Adc, Vcg = 5.0 Мас) 2N3806,8,10,A,12,14,16,A 150 450 
2N3807,9,11,A,13,15,17,A 300 900 
(Ic = 100 дАдс, Vcg = 5.0 Мас, TA = —55°C) 2N3806,8,10,A,12,14,16,A 75 — 
2N3807,9,11,A,13,15,17,A 150 — 
(с = 500 „Adc, Vcg = 5.0 Мас) 2N3806,8,10,A,12,14,16,A 150 450 
2N3807,9,11,A,13,15,17,A 300 900 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 2N3806,8,10,A,12,14,16,A 150 450 
2N3807,9,11,A,13,15,17,A 300 900 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 2N3806,8,10,A,12,14,16,A 125 == 
2N3807,9,11,A,13,15,17,A 
Collector-Emitter Saturation Voltage(1) VCE(sat) 


(С = 100 uAdc, Ів 
(С = 1.0 тАдс, Ів 


1.0 uA) 2N3814, 2N3815 
100 шАдс) 


ІСІ 


Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(Ic = 100 џАдс, Ів = 10 дАдс) 0.7 
(с = 1.0 mAdc, lg = 100 џАдс) 08 | 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A, 2N3816,A, 2N3817,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Base-Emitter On Voltage 
(с = 100 дАдс, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 uAdc, Vcg = 5.0 Мас, f 
(с = 1.0 mAdc, Vcg = 5.0 Мас, f 


30 MHz) 
100 MHz) 


" H 


Output Capacitance 
Мсв = 5.0 Vdc, lg = 0, f = 100 kHz) 


Input Capacitance Cibo 
(УВЕ = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Voltage Feedback Ratio hre 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 


(Ic = 100 „Adc, Vcg = 10 Мас, Rg = 3.0 kohms 
f = 100 Hz, BW = 20 Hz 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 
a iy = 1.0 kHz, BW = 200 Hz 2N3806,8,10,A,12,14,16,A 


2N3807,9,11,A,13,15,17,A 


f = 10 kHz, BW = 2.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Broadband Noise Bandwidth 2N3806,8,10,A,12,14,16,A 
10 Hz to 15.7 kHz 2N3807,9,11,A,13,15,17,A 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(с = 100 „Adc, Vcg = 5.0 Мас) 2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


z = 
ШЕ | 


hrE1/hrE2 


(1с = 100 дАдс, Vcg = 50 Мас, TA = —55 to +125°C) 
2N3810A,11A,16A,17A 


Base-Emitter Voltage Differential IVBE1-VBE2| 
(Ic = 10 „Аас to 10 mAdc, Vcg = 5.0 Мас) 2N3808,9,14,15 


2М3810,А,11,А,16,А,17,А 


(С = 100 wAde, Vcg = 5.0 Мас) 2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


Base-Emitter Voltage Differential Change Due to Temperature 
(с = 100 „Adc, Vcg = 5.0 Мас, TA = -55 to +25°C) 
2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


A(VBE1-VBE2) 


(Ic = 100 рАас, Vcg = 5.0 Мас, TA = +25 to +125°C) 

2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2.0%. 
(2) The lowest ВЕЕ reading is taken as hFE1 for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A, 2N3816,A, 2N3817,A 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT 
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SMALL-SIGNAL DEVICES 
5-24 


2N3838 


CASE 610A-04, STYLE 1 


MAXIMUM RATINGS 


м т Маше — | Unit | 

[GolesorEmmerVolage — | мово | — 49 | Ve | 
Voltage Rating any Lead to Case +120 

| Collector-Base Voltage | Усво | 60 | мее | 
| Етіңе-Ваве Voltage | Vego | 8 

| Collector Current — Continuous | || ic | 800 

MERE => 


COMPLEMENTARY DUAL 


Vdc 
| One Die | Both бе | || AMPLIFIER TRANSISTOR 
Total Device Dissipation @ Ta = 25°C 0.25 Watt 
Derate above 25°C 1.67 mW/^/C NPN/PNP SILICON 
Total Device Dissipation @ Tc = 25°C 0.7 1.4 Watts 
Derate above 25°C 4.67 9.34 


Operating and Storage Junction TJ, Tstg —65 to +200 °С 
Temperature Range 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|22 тес | бутво | wi | Me | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, Ів = 0) V(BR)CEO [ № | — J V | 
Collector-Emitter Nonmatching Voltage VCEO(NL)T 40 Vdc 


(С(оп) = 600 mAdc, ІВ(оп) = 120 mAdc, |В(он) = 0) 


Collector-Base Breakdown Voltage (lc = 10 „Adc, ЈЕ = 0) V(BR)CBO БҰҒЫ Vdc 


60 
Emitter-Base Breakdown Voltage (lg = 10 „Adc, Іс = 0) V(BR)EBO 5.0 | Vdc 


Base Cutoff Current (Vcg = 50 Vdc, VBE(off) = 0.5 Мас) IBEV | — | | s | 


Collector Cutoff Current (Vcg = 50 Vdc, VBE(off) = 0.5 Vdc) ІСЕУ = 
10 


(Vcg = 50 Vdc, VBE(off) = 0.5 Мас, 
Emitter Cutoff Current (УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 тАдс, Vcg = 10 Мас) 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Vdc)(1) 
(Ic = 150 mAdc, Vcg = 10 Vdc)(1) 
(с = 150 mAdc, Vcg = 1.0 Vdc)(1) 


| Collector-Emitter Saturation Voltage(1) (Іс = 150 mAdc, Ig = 15 таа) — | Мова) — | oa | У | 
Base-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) | Мве(ва | 085 | 1з | ума | 
SMALL-SIGNAL CHARACTERISTICS 

| Current-Gain — Bandwidth Product (ic = 20 mAde, Vcg = 10 Vde, f = 100 MHz) | т | 20 | — | мш | 

| Output Capacitance (Vcg = 10 Vde, lg = 0, f ма | Coo | — | во | e | 

[SmalSignal Current Gem 1с = 1.0 mAde, Мор = 10 Vdc, слона — | ww | 9 | x | — | 

Output Admittance (Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) | — | s | umo | 


Noise Figure 
(с = 100 uAdc, Vcg = 10 Мас, Rs = 1.0 kohm, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 10 Vdc, VBE(off) = 0 Vdc, 
| 


Rise Time С = 150 тАдс, въ = 15 mAdc) 


Ta = 150°C) 


(Усс = 10 Vde, Ic = 150 mAde, 


Fall Time въ = 182 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which the collector 
current is 600 mAdc. 
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2N4015 
2N4016 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


CASE 654-07, STYLE 1 


Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 


Collector-Base Voltage | Усво | 


Emitter-Base Voltage VEBO 


Base Current 


Collector Current — Continuous 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to MD2905,A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO = 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 uAdc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 10 „Аадс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) 
(Vcg = 50 Мас, lg = 0, TA = +150°С) 
Emitter Cutoff Current 
(МЕВ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ = 
(Ic = 0.01 mAdc, Vcg = 5.0 Мас) 80 — 
(Ic = 0.1 mAdc, Vcg = 5.0 Мас) 120 — 
(с = 1.0 mAdc, Vcg = 5.0 Vdc) 135 350 
(с = 50 mAdc, Vcg = 5.0 Vdc)(1) 115 - 
Collector-Emitter Saturation Voltage(1) VCE(sat) — 0.25 Vdc 
(Ic = 50 mAdc, lg = 2.5 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) — 1.0 Vdc 
(с = 50 mAdc, Vcg = 2.5 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 
(с = 50 mAdc, Vcg = 20 Мас, f = 100 MHz) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-26 


2М4015, 2N4016 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Admittance hoe 
(Ic = 1.0 mAdc, УсЕ = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(с = 0.03 mAdc, МСЕ = 5.0 Мас, Rg = 10 kohms, f = 1.0 kHz, BW = 200 Hz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio hrE1/hrE2 
(Ic = 0.1 тАдс, Vcg = 5.0 Мас) 


(С = 0.1 to 1.0 mAdc, Vcg = 5.0 Мас} 2N4015 
2N4016 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(Ic = 0.1 to 1.0 mAdc, МСЕ = 5.0 Мас, TA = —55to +25°C) 2N4015 
2N4016 


(Ic = 0.1 to 1.0 mAdc, Vcg = 5.0 Vdc, ТА = +25°C to + 125°C) 2N4015 
2N4016 


Base-Emitter Voltage Differential МВЕ1-УВЕ2! | = | 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2) fT is defined as the frequency at which |hfe| extrapolates to unity. 
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2N4854 
2N4855 


2N4854 — JAN, JTX, JTXV MAXIMUM RATINGS 
AVAILABLE 
CASE 654-07, STYLE 5 


Collector-Emitter Voltage 


Collector 1 to Collector 2 Voltage 
Voltage Rating any Lead to Case 


Collector-Base Voltage VCBO 60 Vdc 
Emitter-Base Voltage VEBO 5.0 Vdc 
Collector Current — Continuous lc 600 mAdc 


Both Die | | 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 


NPN/PNP SILICON Е - 
Operating and Storage Junction 


Temperature Range 


Refer to MD6001 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Г — — — Due | x | ma [йй] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(lc = 10 рАас, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current ІСВО 
(Усв = 50 Мас, lg = 0, TA = 150°C) 
Emitter Cutoff Current ЕВО 
(VEB = 3.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 0.1 mAdc, Vcg = 10 Мас) 2N4854 
2N4855 
(ic = 1.0 mAdc, Vcg = 10 Мас) 2N4854 
2N4855 
(с = 10 mAdc, Vcg = 10 Мас)(1) 2N4854 
2N4855 
(1С = 150 mAdc, Vcg = 10 Vde)(1) 2N4854 
2N4855 
(С = 150 mAdc, Vcg = 1.0 Vdc)(1) 2N4854 
2N4855 
(с = 300 mAdc, Vcg = 10 Мас)(1) 2N4854 
2М4855 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(ІС = 150 mAdc, в = 15 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 тАдс, Vcg = 10 Мас, f = 100 MHz) 
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2N4854, 2N4855 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Base Capacitance Ccb 
(Vcg = 10 Мас Ip = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 2N4854 
2N4855 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 2N4854 
2N4855 


Noise Figure NF — 
(Ic = 100 Adc, Vcg = 10 Vdc, Rs = 1.0 kohm, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, VBE(off) = 0.5 Мас, 


(Усс = 30 Мас, Ic = 150 mAde, 
Fall Time Въ = ІВ2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 
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2N4937 
thru 
2N4942 


MAXIMUM RATINGS 


Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 


2N4937, 2N4938, 2N4939 
CASE 654-07, STYLE 1 


Collector-Base Voltage 
Emitter-Base Voltage 
Base Current 


Collector Current — Continuous 
2N4440, 2N4441, 2N4442 
CASE 610A-04, STYLE 1 


2. 
% 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Total Device Dissipation 
@ TA = 25°C — Ceramic 
Metal Can 
Derate above 25°C — Ceramic 
Metal Can 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 
Metal Can 


Refer to MD3250,A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 40 — Vdc 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 50 — Vdc 
(Ic = 10 „Adc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc 
ЧЕ = 10 „Adc, lc = 0) 
Collector Cutoff Current ІСВО — 20 nAdc 
(Vcg = 40 Мас, ЈЕ = 0) 


Emitter Cutoff Current ІЕВО — 20 nAdc 
(УВЕ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 рАас, Vcg = 10 Мас) 
(Ic — 1.0 mAdc, Vcg - 10 Vdc) 
(с = 10 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, УсЕ = 10 Vde, f = 100 Mhz) 


Output Capacitance Ccb 
(Vcg = 10 Мас, lg = 0,f = 140 kHz) Emitter Guarded 


Input Impedance Cep — 
(lge = 0.5 Мас, lc = 0, f = 140 kHz) Collector Guarded 
Input Impedance hie 1.0 10 


(с = 1.0 mAdc, Мсе = 10 Мас, f = 1.0 kHz) 
Voltage Feedback Ratio 

(Ic = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 
Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Output Admittance hoe штћһћоѕ 
(с = 1.0 mAdc, Vcg = 10 Мас, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 мАас, Vcg = 10 Мас, Rs = 3.0 КО, f = 10 Hz to 15.7 kHz) 
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2N4937 thru 2N4942 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | мах | Unit | 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(1) hFE1/hFE2 
(Ic = 100 „Аас to 1.0 mAdc, Vcg = 10 Мас) 2N4937, 2N4941 
2N4938, 2N4940 


(Ic = 100 wAdc to 1.0 mAdc, Vcg = 10 Мас, 
TA = —55'C to 125°C) 2N4937, 2N4941 
2N4938, 2N4940 


Base-Emitter Voltage Differential \VBE1-VBE2! 
(С = 100 uAdc to 1.0 mAdc, Vcg = 10 Мас) 2N4937, 2N4941 
2N4938, 2N4940 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(Ic = 100 pAdc to 1.0 mAdc, Vcg = 10 Мас, ATA 
TA = 25°С to + 125°C) 2N4937, 2N4941 
2N4938, 2N4940 


(Ic = 100 дАдс to 1.0 mAdc, Vcg = 10 Мас, 
TA = —55'C to 25°C) 2N4937, 2N4941 
2N4938, 2N4940 


(1) The lowest hfg reading is taken as hFE1 for this ratio. 
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2N5793 
2N5794 


MAXIMUM RATINGS 


[м | Symbol | Маше | Unit | 
| CollectorEmitter Voltage — — — | Усео | 44 | № | 
А 
[EmiterBase Voltage | Veso | 60 | 


Both Die 
One Equal 
Die 
Total Device Dissipation @ TA = 25°C 500 600 mW 
Derate above 25°C 2.9 3.4 пууес 
Total Device Dissipation а Tc = 25°C 1.2 Watts 
Derate above 25°C 6.9 mW^PC 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 
Refer to MD2218,A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [ Symbol | Min | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, Ів = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (lc = 10 дАдс, lg = 0) V(BR)CBO 75 


collector Слой Curent Wop = Зов еи м | — | m [ me | 
Генев Слот итеп Ме = 4049 - 0 — [ ego | — L m [| m | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 „Adc, Vcg = 10 Мас) 2N5793 
2N5794 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 2N5793 
2N5794 
(с = 10 mAdc, Vcg = 10 Мас)(1) 2N5793 
2N5794 
(Ic = 150 mAdc, Vcg = 1.0 Мас)(1) 2N5793 
2N5794 
(с = 150 mAdc, Vcg = 10 Мас)(1) 2N5793 
2N5794 
(с = 300 mAdc, Vcg = 10 Vdc)(1) 2N5793 
2N5794 


25 
40 — 
Collector-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) VCE(sat) Мас 
(с = 300 mAdc, Ів = 30 mAdc) 
Base-Emitter Saturation Voltage(1) (Іс = 150 mAdc, lg = 15 mAdc) VBE(sat) 1.2 Vdc 
(с = 300 mAdc, Ip = 30 mAdc) 1.8 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) (Іс = 20 mAdc, Vcg = 20 Vdc, f = 100 МНА | fr | 250 | — | Mm | 
Collector-Base Capacitance (Vcg = 10 Vdc, lg = 0, f = 100 kHz) | && | — | s» | фЁ | 
C 


Emitter-Base Capacitance (Veg = 0.5 Vdc, lc = 0, = 100 kHz) 
SWITCHING CHARACTERISTICS 
Delay Time (Усс = 30 Мас, VBE(off) = 0.5 Мас, 


(Voc = 30 Vde, lc = 150 mAde, 
Fall Time lg1 = ІВ2 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) fT is defined as the frequency at which |hfe| extrapolates to unity. 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


DUAL TRANSISTOR 


NPN SILICON 


lc1-c2 
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2N5795 
2N5796 


MAXIMUM RATINGS 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DUAL TRANSISTOR 


PNP SILICON 


Refer to MD2904,A for graphs. 


VCBO 60 Vdc 
dc 
Equal 
Collector-Base Breakdown Voltage (lc = 10 „Adc, Ip = 0) V(BR)CBO 


5.0 v 
Power 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Emitter-Base Breakdown Voltage (lg = 10 џАдс, lc = 0) V(BR)EBO 


[Symbor[ vawe — | Un | 
VcEO 60 Vde 
с | m. |тағ | 
Both Die 
One 
Die 
600 mW 
3.4 mW/^/C 
2.0 Watts 
11.43 mW^C 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (с = 10 mAdc, в = 0) V(BR)CEO | eo | 
Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) ІСВО 
Emitter Cutoff Current (УВЕ = 3.0 Мас, Іс = 0) ЕВО 


Collector 1 to Collector 2 Leakage Current (М1с-2с = + 50 Мас 
ON CHARACTERISTICS 


DC Current Gain 


(Ic = 100 „Adc, Vcg = 10 Мас) 2N5795 
2N5796 75 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 2N5795 40 
2N5796 100 
(Ic = 10 mAdc, Vcg = 10 Vdc)(1) 2N5795 40 
2N5796 100 
(1С = 150 mAdc, Vcg = 1.0 Vde)(1) 2N5795 20 
2N5796 50 


(Ic = 150 mAdc, Vcg = 10 Vdc)(1) 2N5795 40 
2N5796 100 
(1С = 500 mAdc, Vcg = 10 Vdc)(1) 2N5795 40 — 


2N5796 


150 mAdc, lg = 15 mAdc) 
500 mAdc, lg = 50 mAdc) 


= 150 mAdc, lg = 15 mAdc) 
= 500 mAdc, lg = 50 mAdc) 


| 


Collector-Emitter Saturation Voltage(1) 


(Ic 


50 — 
KP MA зи. 


Base-Emitter Saturation Voltage(1) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product(2) (Іс = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
Collector-Base Capacitance (Vcg = 10 “ас, lg = 0, f = 100 kHz) 

Emitter-Base Capacitance (Vgg = 2.0 Vdc, Ic = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 


Delay Time (Усс = 30 Мас, VBE(off) = 0.5 Мас, 


Rise Time ІС = 150 mAdc, Ір1 = 15 mAdc) 


Storage Time (Vcc = 30 Vde, lc = 150 mAdc, 


Fall Time Въ = ІВ2 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(2) Ң is defined as the frequency at which |hre| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating Symbol 


2N6501 
2N6502 


Collector-Emitter Voltage 


Collector-Base Voltage VCES 80 Vdc 
| ва l iii EE eui OR 
2N6503 Collector-Base Voltage VCBO 80 Vdc 
Emitter-Base Voltage 
QUAD CERAMIC Collector Current — Continuous T 
= ie 
CASE um шет” = сее sl 
idus Total Device Dissipation Pp mW 
@ TA = 25°C 
DUAL ) 2146502 600 650 
2N6502 ЖҮ 2М6503 350 400 
CASE 654-07, STYLE 1 2N6501 400 600 
Derate above 25°C mW^C 
2N6502 3.42 3J 
DUAL CERAMIC < 2N6503 2.0 2.28 
2N6503 р 26501 2.28 3.42 
CASE 610A-04, STYLE 1 Total Device Dissipation Pp Watts 
@ Tc = 25°C 
SWITCHING TRANSISTOR 2N6502 2.1 3.0 
2N6503 1:25 2:5 
NPN SILICON 2N6501 1.0 4.0 
Derate above 25*C mW^C 
2N6502 12 17.2 


2N6503 7-15 14.3 
2N6501 5.71 22.8 
Operating and Storage Junction TJ, Tstg —65 to +200 "С 
Temperature Range 


THERMAL CHARACTERISTICS 


All Die 
Characteristic One Die Equal Power Unit 
Thermal Resistance, Junction to Case °C/W 
2N6502 83.3 58.3 
2N6503 140 70 
2N6501 175 43.8 
Thermal Resistance, Junction to Ambient(1) °C/W 
2N6502 292 270 
2N6503 500 438 
2N6501 438 292 
E Junction to Junction to 
Ambient Case 
Coupling Factor 
2N6502 85 40 
2N6503 75 0 
2N6501 (Q1, Q2) 57 0 
(01-ОЗ, 01-04) 0 


(1) RgJA is measured with the device soldered into а typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Mex | Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 Vdc 
(Ic = 10 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 80 Vdc 
(с = 100 џАдс, МВЕ = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 80 — Vdc 
(с = 100 џАдс, ТЕ = 0) 1 

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc 
(IE = 10 uAdc, Ic = 0) 

Collector Cutoff Current ICBO — 1.7 uAdc 
(Усв = 40 Мас, ЈЕ = 0) 
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2N6501, 2N6502, 2N6503 
ELECTRICAL CHARACTERISTICS (continued) ЗА = 25°C unless otherwise noted.) 
aes NN MM MEE 
Emitter Cutoff Current uAdc 
(УВЕ = 4.0 Мас, Іс = 0) 
(с = 500 mAdc, Vcg = 1.0 Мас) 
Collector-Emitter Saturation Voltage 
Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, = 100 MHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 


ON CHARACTERISTICS 
(с = 100 mAdc, Ів = 10 mAdc) 
Collector-Base Capacitance 
(Усс = 30 Мас, УВЕ = 3.8 Мас, Іс = 500 mAdc, въ = 50 mAdc) 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 
VCE(sat) Vdc 
(Ic = 500 mAdc, lg = 50 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Emitter-Base Capacitance 


(Ic = 500 mAdc, МСЕ = 2.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
(VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 


Turn-Off Time 
(Усс = 30 Мас, Іс = 500 mAdc, въ = Ів2 = 50 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


TYPICAL DC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES 
400 
КЕ ЕК ЖЕНТ | | 
Ц 
ЖГ = = 
es: HI ғ" 
š S 08 
с іш 
Š < 06 
š TN Ho zu 
и 95 
СИРАК 02 LL 
"ЕШШ ИА | 
10 20 50 100 200 300 500 700 1.0k 10 20 30 50 70 100 200 300 500 70010k 
1с, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (тА) 
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2N6501, 2N6502, 2N6503 


FIGURE 3 — COLLECTOR SATURATION REGION 
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FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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2N6501, 2N6502, 2N6503 


FIGURE 9 — SWITCHING TIME TEST CIRCUIT FIGURE 10 — COLLECTOR CUTOFF CURRENT 
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MAXIMUM RATINGS 


| _ М0708,А,В 


Ваїїпд Symbol Value Unit 
Collector-Emitter Voltage УСЕО 15 Мас 
4-07, STYLE 1 — маи 
САЗЕ 654-07, Collector-Base Voltage VCBO 40 Vdc 
Emitter-Base Voltage VEBO 5.0 Vdc 
Collector Current — Continuous Ic 200 mAdc 
Both Die 
One Die | Equal Power 
Total Device Dissipation Pp mW 
@ ТА = 25°C 
MD708, MD708A, MD708B 550 600 
MD708F,AF,BF MD708F, MD708AF, MD708BF 350 400 
Derate above 25°C пууес 
CASE 610A-04, STYLE 1 MD708, MD708A, MD708B 3.13 3.42 
MD708F, MD708AF, MD708BF 2.0 2.28 
Total Device Dissipation Pp Watts 
@ Tc = 25°C 
MD708, MD708A, MD708B 1.4 2.0 
MD708F, MD708AF, MD708BF 0.7 1.4 
DUAL Derate above 25°C mW^C 
MD708, MD708A, MD708B 8.0 11.4 
AMPLIFIER TRANSISTOR MD708F, MD708AF, MD708BF 4.0 8.0 
NPN SILICON Operating and Storage Junction TJ, Tstg —65 to +200 ° 
Temperature Range 
Refer to MD2369 for graphs. 
THERMAL CHARACTERISTICS 
Both Die i 
Characteristic Symbol One Die Equal Power Unit 
Thermal Resistance, Junction to Case RaJC °C/W 
MD708, MD708A, MD708B 125 87.5 
MD708F, MD708AF, MD708BF 250 125 
Thermal Resistance, Junction to Ambient Код!) 319 292 °C/W 
500 438 
Junction to Junction to 
Ambient Case 
= Ce Ж EM 
Coupling Factors % 
MD708, MD708A, MD708B 83 40 
MD708F, MD708AF, MD708BF 78 0 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit | 


(с = 30 mAdc, Ів = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 10 џАдс, ЈЕ = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 10 uAdc, Іс = 0) V(BR)EBO 


20 Мас, ЈЕ = 0) 
20 Vdc, IE = 0, Ta = 150°C) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 


Collector Cutoff Current (Vcg 
(Усв 


ON CHARACTERISTICS 
DC Current Gain(2) (Іс 


500 џАдс, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 5.0 Vdc) 
(С = 150 mAdc, VCE = 5.0 Мас) 


uon H 


Collector-Emitter Saturation Voltage (lc = 10 mAdc, Ів = 1.0 тАас) Vdc 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
(с = 100 mAdc, lg = 10 mAdc) 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 
(с = 100 mAdc, lg = 10 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


H" H 
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MD918 
MD918A 
MD918B 


MAXIMUM RATINGS 


CASE 654-07, STYLE 1 


MD918F 


Total Device Dissipation @ TA = 
MD918,A,B 
MD918F,AF,BF 
Derate above 25°C 
MD918,A,B 
MD918F,AF,BF 


Total Device Dissipation @ Tc = 
MD918,A,B 
MD918F,AF,BF 
Derate above 25°C 
MD918,A,B i 
MD918F,AF,BF 


1 > 
Operating and Storage Junction Tj Tstg —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 


All Die 
Characteristic € One Die Equal Power 

Thermal Resistance, Junction to Case 

М0918,А,В 125 87.5 

MD918F,AF,BF 250 125 
Thermal Resistance, Junction to Ambient RaJA(1) °C/W 

MD918,A,B 319 292 

MD918F,AF,BF 500 438 

Junction to Junction to 
Ambient Case 

Coupling Factors 

MD918,A,B 83 

MD918F,AF,BF 75 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


MD918AF 
MD918BF 


CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 3.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 1.0 џАдс, lg = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, [С = 0) 
Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) 
(Усв = 15 Мас, ЈЕ = 0, ТА = 150°C) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 3.0 mAdc, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, lp = 0, f = 100 kHz) 
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MD918,A,B,F,AF,BF 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Input Capacitance 


(УВЕ = 0.5 Мас, Ic = 0, = 100 kHz) 


Symbol 


Noise Figure 
(Ic = 1.0 mAdc, Vcg = 6.0 Мас, Rs = 4000, f = 60 MHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) 


MD918B,BF 
MD918A,AF 


Base-Emitter Voltage Differential 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас) MD918B,BF 


MD918A,AF 


Base-Emitter Voltage Differential Gradient 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, 
TA = -55% +125°C) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as ВЕЕТ for this ratio. 


MD918A 


FIGURE 1 — DC CURRENT GAIN 
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MD918B,AF,BF 


V, VOLTAGE (VOLTS) 
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FIGURE 5 — CAPACITANCE 
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MAXIMUM RATINGS 


___ тыты ут vas [шш] 
Collector-Emitter Voltage 

Collector-Base Voltage ms Vde 
Emitter-Base Voltage | Мево | Мас 


Collector Current — Continuous Г | 


ІС 


М0982,Ғ 
М0982 


One Die | All Die 


MD982 
CASE 654-07, STYLE 1 


Total Device Dissipation @ TA = 25°C 


MD982 600 650 
MD982F 350 400 
MQ982 400 600 
MD982F Derate above 25°C are 
MD982 
CASE 610A-04, STYLE 1 MD982F 


MQ982 


Total Device Dissipation @ Tc = 25°C 
MD982 
MD982F 
М0982 
Derate above 25°C 
MD982 
MD982F 


М0982 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


MQ982 
PNP SILICON Operating and Storage Junction Ty, Tstg —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 
All Die 
Characteristic Symbol One Die Equal Power Unit 
Thermal Resistance, Junction to Case Rec °C/W 
MD982 83.3 58.3 
MD982F 140 70 
MQ982 175 43.8 
Thermal Resistance, Junction to Ambient RaJAU) °C/W 
MD982 292 270 
MD982F 500 438 
MQ982 438 292 
Junction to Junction to 
Ambient Case 
Coupling Factor % 
MD982 85 40 
MD982F 75 0 
MQ982 (01-02) 57 0 
(Q1-Q3 ог 01-04) 55 0 


(1) Вејд is measured with the device soldered into a typical printed circuit board. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) (Іс = 10 mAdc, Ів = 0) | Мввсео | 50 | 
Collector-Base Breakdown Voltage (lc = 10 дАдс, ЈЕ = 0) | VBRcBO | 80 | 
Emitter-Base Breakdown Voltage (lg = 10 „Adc, Іс = 0) V(BR)EBO 
Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) 

(Vcg = 50 Мас, lp = 0, TA = 150°C) 
ON CHARACTERISTICS(2) 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 10 Vdc) 

(с = 1.0 mAdc, Vcg = 10 Мас) 

(Ic = 10 mAdc, Vcg = 10 Мас) 

(Ic = 150 mAdc, Vcg = 10 Мас) 
Collector-Emitter Saturation Voltage (lc = 150 mAdc, lg = 15 mAdc) VCE(sat 
Base-Emitter Saturation Voltage (lc = 150 mAdc, lg = 15 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcE = 20 Мас, f = 100 MHz) 


Output Capacitance (Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance (УВЕ = 2.0 Мас, lc = 0, f = 100 kHz) 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0% 
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MAXIMUM RATINGS 


|Rating — Symbol | ___ Маше | 
Collector-Emitter Voltage VcEO me 
Collector-Base Voltage ите: 
| Collector Current — Continuous | Current — Continuous LR 


Both Die 
One Die  |Equal Power 


MD984 


CASE 654-07, STYLE 1 


Total Device Dissipation @ TA = 575 625 

25°C 3.29 3.57 
Derate above 25°C 

D 1.8 2.5 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction —65 to +200 
Temperature Range 


THERMAL CHARACTERISTICS DUAL 
Both Die AMPLIFIER TRANSISTOR 
Бр ве етан = s Die жын EU 


Thermal | Thermal Resistance, Junction to Case | Junction to Case | Вајс | | ecw | PNP SILICON 


Thermal Resistance, Junction to Pas Bo °C/W 
Ambient 
Junction to | Junction to 
Ambient Case 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


Refer to MD3250 for graphs. 


Coupling Factor 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Typ | Mex | Umi | 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 

(Ic = 10 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 дАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 џАдс, Ic = 0) 
(Vcg = 20 Мас, ЈЕ = 0) 
(Vcg = 20 Мас, lp = 0, Ta = 150°C) 

DC Current Gain(2) 75 
(с = 10 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(с = 10 mAdc, Ів = 1.0 mAdc) 0.18 
(Ic = 50 mAdc, Ів = 5.0 mAdc)(2) 0.38 


OFF CHARACTERISTICS 


Collector Cutoff Current ICBO 
nAdc 
рАас 
ON CHARACTERISTICS 


Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) fT 
(Ic = 20 mAdc, Vcg = 20 Мас, = 100 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MD985,F Rating [Symbol| — Маше — | Unit | 
MD985 Collector-Emitter Voltage VcEO 30 Vdc 
Collector-Base Voltage Усво 60 Мас 
CASE 654-07, STYLE 5 Emitter-Base Voltage VEBO 5.0 Vdc 
Collector Current — Continuous Ic 500 mAdc 
Both Die 
One Die |Equal Power 
Total Device Dissipation Pp mW 
(à TA — 25'C 
MD985 575 625 
MD985F MD985F 350 400 
Derate above 25°C mW^C 
CASE 610A-04, STYLE 1 m sus ме 
MD985F 2.0 2.28 
Total Device Dissipation Watts 
@ Tc = 25°C 


MD985 1.8 2.5 
MD985F 1.0 2.0 
Derate above 25°C mW/^C 


COMPLEMENTARY DUAL си 103 143 


GENERAL PURPOSE TRANSISTOR | 
NPN/PNP SILICON Operating and Storage Junction TJ, Tstg —65to +200 “С 
Temperature Range 


THERMAL CHARACTERISTICS 


Both Die 
Characteristic One Die Equal Power 


Thermal Resistance, Junction to Case 
MD985 
MD985F 


Thermal Resistance, Junction to Ambient 


Junction to Junction to 
Ambient Case 


Coupling Factor 


MD985 
MD985F 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characters: | Sym! | ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 10 џАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current ICBO 
(Усв = 50 Мас, ЈЕ = 0) nAdc 
(Vcg = 50 Мас, ЈЕ = 0, Ta = +150°C) рАас 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Мас) 
(ІС = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 

(с = 150 mAdc, МСЕ = 10 Мас) 


Collector-Emitter Saturation Voltage 1 


Мас 
(с = 150 mAdc, lg = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(с = 150 mAdc, lg = 15 mAdc) 
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VCE(sat) 


MD985,F 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characteristic | Symbo | Ма | Te | Mex | Umi | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Vdc, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, lc = 150 mAdc, въ = 15 mAdc) 


Turn-Off Time 
(Усс = 30 Мас, Іс = 150 mAdc, въ = 182 = 15 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MD986,F 


[ойе ың" [ойр an 


Both Die 
Equal Power 


MD986 
CASE 654-07, STYLE 5 


> 
За 


One Die 


Total Device Dissipation 


@ TA = 25°C 
MD986 550 600 
MD986F 350 400 
MD986F Derate above 25°C mW^C 
MD986 


CASE 610A-04, STYLE 1 МООВБЕ 
Total Device Dissipation 
@ Tc = 25°C 
MD986 
MD986F 
Derate above 25°C 
MD986 
MD986F 


Operating and Storage Junction TJ, Tstg 
Temperature Range 


COMPLEMENTARY DUAL mw/c 


GENERAL PURPOSE TRANSISTOR 


NPN/PNP SILICON 


—65to +200 


THERMAL CHARACTERISTICS 


Both Die 
Characteristic Equal Power 
Thermal Resistance, Junction to Case Rac °C/W 


MD986 
MD986F 


Thermal Resistance, Junction to Ambient RaJA(1) 


MD986 
MD986F 


Junction to 
Ambient 


Coupling Factors 


MD986 
MD986F 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ів = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (Іс = 10 џАдс, lg = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) 
(Vcg = 20 Мас, lg = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 10 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Усе = 20 Vdc, f = 100 MHz) 
(с = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) MD986F 


Output Capacitance 
(Vcg = 10 Vde, lp = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MD1120,F 

MD1121,F 

MD1122,F 
MQ1120 


Total Device Dissipation @ Ta = 25°C 
MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
MQ1120 

Derate above 25°C 
MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
MQ1120 


Total Device Dissipation (v Tc = 25°C 


MD1120, MD1121, MD1122 


CASE 654-07, STYLE 1 


400 | 600 MD1120F 
CASE 610A-04, STYLE 1 


MQ1120 


CASE 607-04, STYLE 1 - 


3.57 mW/°C 


MD1120, MD1121, MD1122 2.5 Watts 
MD1120F, MD1121F, MD1122F 2.0 DUAL 
MQ1120 3.6 

iia um AMPLIFIER TRANSISTOR 
MD1120, MD1121, MD1122 143 | mW^C 
MD1120F, MD1121F, MD1122F 11.4 анны 
MQ1120 џ 20.5 


Refer to MD2218,A for graphs. 


Operating and Storage Junction TJ. Tstg —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 


°C/W 


Characteristic 


All Die 
One Die Equal Power 
Вес 


97 70 
175 87.5 
195 48.8 


Thermal Resistance, Junction to Case 
MD1120, MD1121, MD1122 


MD1120F, MD1121F, MD1122F 
MQ1120 


Thermal Resistance, Junction to Ambient RaJA(1) °C/W 
MD1120, MD1121, MD1122 304 280 
MD1120F, MD1121F, MD1122F 500 438 


292 


438 
Junction to Junction to 
Ambient Case 


% 
84 44 
75 0 
0 
0 


МО1120 


Coupling Factors 


MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
MQ1120 (Q1-Q2) 

(01-ОЗ or 01-04) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x haracteristic |  Symbl | Mi | Тур | Мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 џАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 10 џАдс, Ic = 0) 
ICBO 
(Усв = 50 Мас, ЈЕ = 0) nAdc 
(Vcg = 50 Мас, Іс = 0, TA = 150°C) uAdc 
Emitter Cutoff Current 10 nAdc 
(VEB = 3.0 Мас, Ic = 0) 


Collector Cutoff Current 
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MD1120,F, MD1121,F, MD1122,F, MQ1120 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


| Characteristic — — — | битво | Mim | Te | мах | Umi | 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 10 дАдс, Vcg = 10 Мас) 
(с = 100 дАдс, Vcg = 10 Мас) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 
(с = 10 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 
(VCB = 10 Мас ЈЕ = 0, f = 100 kHz) 
MATCHING CHARACTERISTICS 
DC Current Gain Ratio(3) 
(с = 100 дАдс, Vcg = 10 Мас) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 


Base-Emitter Voltage Differential 
(Ic = 100 uAdc, Vcg = 10 Мас) 


All Devices 
MD1122, MD1122F 


All Devices 
MD1122, MD1122F 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121, MD1122 
(Ic = 100 „Adc, Vcg = 10 Мас, TA = —55to +25°C) 
(с = 100 uAdc, Vcg = 10 Мас, TA = +25 їо +125°C) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as ВЕЕТ for this ratio. 


(Ic = 1.0 mAdc, Vcg = 10 Vdc) 


VCE(sat) 


VBE(sat) 


Cobo 


hFE1/hFE2 


Мвел-Уве2! 


A(VgE1-VBE2) 


3.5 8.0 pF 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
| Rating [Symbol Value [и | 
n 
| Сойесог-Ваве Voltage —  — | Усво |_____60 — | Vde | 
уа MEE M [vee 
| 2 —  |mae | 


MD1123 
MD1130,F 


MD1123 
MD1130 
CASE 654-07, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 
MD1123, MD1130 
MD1130F 
Derate above 25°C 
MD1123, MD1130 
MD1130F 


Total Device Dissipation 
@ Tc = 25°C 
MD1123, MD1130 
MD1130F 
Derate above 25°C 
MD1123, MD1130 
MD1130F 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


All Die 
Characteristic One Die Equal Power 
Thermal Resistance, Junction to Case °C/W 
MD1123, MD1130 97 70 
MD1130F 175 87.5 
Thermal Resistance, Junction to Ambient RaJA(1) °C/W 
MD1123, MD1130 304 280 
MD1130F 500 438 
Junction to Junction to 
Ambient Case 
Coupling Factors % 
MD1123, MD1130 84 
MD1130F 75 


(1) Rega is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Chamtrst | Smb | Mi | Тур | Мах | Unt | 


MD1130F 
CASE 610-A04, STYLE 1 


AME 


тМ//С DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Мас 
(с = 10 mAdc, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 

Collector Cutoff Current ICBO 
(Усв = 50 Мас, ЈЕ = 0) nAdc 
uAdc 
БЕ = 


(Vcg = 50 Мас, lg = 0, Ta = 150°C) 
Emitter Cutoff Current 

(УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 10 pAdc, Vcg = 10 Мас) MD1130,F 


(С = 100 дАдс, Vcg = 10 Мас) MD1123 
MD1130F 


(с = 1.0 mAdc, Vcg = 10 Мас) MD1130,F 


(ic = 10 mAdc, Vcg = 10 Мас) MD1123 
MD1130,F 
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MD1123, MD1130,F 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 Adc) 


VCE (sat) 


Base-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 mAdc) 


VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) MD1123 
MD1130,F 


Output Capacitance 
(Усв = 10 Мас, lg = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS 


(Ic = 1.0 mAdc, Vcg = 10 Мас) 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121, MD1122 
(Ic = 100 Adc, Vcg = 10 Мас, TA = +25 to + 125°С) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as hFE1 for this ratio. 


MD1130,F 


MD1130,F 
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DC Current Gain Ratio(3) hFE1/hFE2 
(с = 100 „Адс, Vcg = 10 Мас) MD1123 
MD1130,F 
Base-Emitter Voltage Differential \VBE1-VBeE2! 
(с = 100 мАас, Vcg = 10 Мас) MD1123 


A|VBE1/VBE2| 


0.8 
0.9 


mVdc 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Total Power Dissipation 
@ TA = 25°C 
MD1129 
MD129F 
MQ1129 
Derate above 25°C 


MD1129 
MD1129F 
М01129 


Total Device Dissipation 

@ Tc = 25°C 
MD1129 
MD1129F 
MQ1129 

Derate above 25°C 
MD1129 
MD1129F 
MQ1129 


Operating and Storage Junction Ts Tstg 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD1129 


MD1129F 
MQ1129 


Thermal Resistance, Junction to Ambient 


Coupling Factors 
MD1129 


MD1129F 


MO1129 (Q1-Q2) 
(01-ОЗ or 01-04) 


ELECTRICAL CHARACTERISTICS (Тд = 25°C unless otherwise noted.) 


MD1129,F 
MQ1129 


MD1129 
CASE 654-07, STYLE 1 


MD1129F 


CASE 610A-04, STYLE 127 
MQ1129 T" 
CASE 607-04, STYLE 1 = 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


x Characteristie | Symbol | ма | Te | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
10 uAdc, lc = 0) 
Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) 
(Усв = 50 Мас, lg = 0, ТА = 150°C) 
Emitter Cutoff Current 
(УВЕ = 3.0 Мас, lc = 0) 


(Е = 


== [= = == 
пе | = | = a a 


V(BR)EBO 
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MOTOROLA SEMICONDUCTORS 


MD1129,F, MQ1129 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic — — | Symbol | Mm | тур | Mex | Unt | 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 10 дАдс, Vcg = 10 Мас) 
(с = 100 „Адс, Vcg = 10 Мас) 

(Ic = 1.0 mAdc, Vcg = 10 Мас) 

(Ic = 10 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, lg = 1.0 mAdc) MD1129, MQ1129 
MD1129F 


Base-Emitter Saturation Voltage VBE(sat) — 0.7 Vdc 
(с = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 
MATCHING CHARACTERISTICS (MD1129, MD1129F) 
DC Current Gain Ratio(3) hFE1/hFE2 
(Ic = 100 „Adc, Vcg = 10 Мас) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 
Base-Emitter Voltage Differential Мве1-Уве2! 
(с = 100 uAdc, Vcg = 10 Vdc) 
(с = 1.0 mAdc, Vcg = 10 Мас) 


| ll 


VCE(sat) 


Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) 
(Ic = 100 Adc, Vcg = 10 Мас, TA = —55 їо +25°C) 
(с = 100 Adc, Vcg = 10 Мас, TA = +25 to +125°C) 


(1) Вод is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hrg reading is taken as hFE1 for this ratio. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-52 


MAXIMUM RATINGS 


MD1132,F 


MD1132F 
CASE 610A-04, STYLE 1 


SF 


Total Device Dissipation (v TA = 25°C 600 
Derate above 25°C 3.42 


Total Device Dissipation (v Tc = 25°C 1.4 Watts 
Derate above 25°C 8.0 mW^C 

Operating and Storage Junction TJ, Tstg —65 to +200 °С 
Temperature Range 

THERMAL CHARACTERISTICS 


Both Die 
Characteristic One Die | Equal Power 
Thermal Resistance, Вејс 125 87.5 °C/W 
Junction to Case 
Thermal Resistance, Regal) °C/W 
Junction to Ambient 
Junction to | Junction to 
Ambient Case 
Coupling Factors [зз | 95 | % | 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | биші | Ма | Тур | Мах | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 3.0 mAdc, Ip = 0) verceo | 15 | — | — | ме | 
Collector-Base Breakdown Voltage (Іс = 1.0 дАдс, lg = 0) V(BR)CBO | 30 | 


Emitter-Base Breakdown Voltage (lg = 10 “Adc, [С = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 15 Мас, ЈЕ = 0) ІСВО 
(Vcg = 15 Мас, ІЕ = 0, Ta = 150°C) 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage (Іс = 10 mAdc, Ів = 1.0 mAdc) | Мешн | — | on | ож | vas | 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) VBE(sat) | = | 07 | 10 | ме | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance (Vcg = 0, lg = 0, f = 140 kHz) 
(Vcg = 10 Мас, lg = 0, f = 140 kHz) 


Input Capacitance (Veg = 0.5 Мас, Іс = 0, f = 140 kHz) 


MD1132 


CASE 654-07, STYLE 1 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 
Refer to MD918 for graphs. 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) (Ic = 1.0 mAdc, Vcg = 5.0 Мас) ћреућре2 | o9 | — | 10 | — | 
Base-Emitter Voltage Differential (Іс = 1.0 mAdc, Vcg = 5.0 Vdc) Мве-Мве2 | — | — | 50 
0.8 
1.0 


Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) | - | - | 


(Ic = 1.0 тАдс, Vcg = 5.0 Мас, ТД = —55 to +25°C) 
(Ic = 1.0 mAdc, Мсе = 5.0 Мас, Ta = +25 to + 125°C) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hrg reading is taken as hrg1 for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


5-53 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


MD2218,A,F,AF 
MD2219,A,F,AF 
MQ2218,A 


MD2218,A, 
MD2219,A, 
MQ2218,A 
MQ2219,A 


MD2218AF 
MD2219AF 


MQ2219,A 
MD2218,A 


MD2219,A 
CASE 654-07, STYLE 1 


MD2218F,AF | 
MD2219F,AF = 
CASE 610A-04, STYLE1 7 
MQ2218,A 


MO2219,A 
CASE 607-04, STYLE 1 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation 
@ TA = 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 
Derate above 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 


Total Device Dissipation 
@ Tc = 25°C 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 
Derate above 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 


Operating and Storage Junction 
Temperature Range 


Ic 


PD 


575 625 
350 400 
400 600 mW^C 
3.29 3.57 


Pp 


1.8 2.5 
1.0 2.0 
0.9 3.6 mW^C 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


Рајс 


Thermal Resistance, Junction to Case 

MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 


Thermal Resistance, Junction to Ambient 
MD2218,A, MD2219,A 

MD2218,F,AF, MD2219,F,AF 
MQ2218,A, MO2219,A 


Coupling Factors 


MD2218,A, MD2219,A 

MD2218F,AF, MD2219F,AF 

MQ2218,A, MQ2219,A (Q1-Q2) 

(01-ОЗ or 01-04) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Symbol 


All Die 


One Die Equal Power 


Junction to 
Case 


Junction to 
Ambient 


Min 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ів = 0) 


V(BR)CEO 


MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


Collector-Base Breakdown Voltage 
(Ic = 10 Ade, lg = 0) 


V(BR)CBO 


MD2218,A,F, MD2219,A,F, М02218,А, 
MD2219,A 
MD2218AF, MD2219AF 
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SMALL-SIGNAL DEVICES 


MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


V(BR)EBO 


Collector Cutoff Current 
(УСЕ = 50 Мас, Уев(он) = 3.0 Мас) 
MD2218,F, MD2219,F, М02218,А 
MD2218A,AF, MD2219A,AF, MQ2219,A 


ICEV 


Base Cutoff Current 
(УСЕ = 50 Мас, Уев(он) = 3.0 Мас) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Мас) 


MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(Ic = 1.0 mAdc, Vcg = 10 Мас) 
MD2218,A,F,AF, MQ2218,A 


MD2219,A,F,AF, MQ2219,A 


(Ic = 10 mAdc, Vcg = 10 Мас) 
MD2218,A,F,AF, МО2218,А 
MD2219,A,F,AF, MQ2219,A 
(1С = 150 mAdc, Vcg = 1.0 Мас) 
MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, МО2219,А 
(с = 150 mAdc, Vcg = 10 Мас) 
MD2218,AF,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 
(с = 300 mAdc, Vcg = 10 Мас) 


MD2218,A, MQ2218,A 
MD2219,A, MQ2219,A 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, lg = 15 mAdc) 
MD2218,A,F, MD2219,A,F, MO2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


(с = 300 mAdc, Ів = 30 mAdc) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 

MD2218AF, MD2219AF 


Base-Emitter Saturation Voltage 
(1С = 150 mAdc, Ip = 15 mAdc) 

MD2218,A,F, MD2219,A,F, MQ2218,A, 

МО2219,А 

МО2218АЕ, МО2219АЕ 


(с = 300 mAdc, lg = 30 mAdc)MD2218,A,F, МО2219,А,Е, М02218,А, 
МО2219,А 
МО2218АЕ, МО2219АЕ 


SMALL-SIGNAL CHARACTERISTICS 


VCE(sat) 


VBE(sat) 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 100 kHz) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 
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MOTOROLA SEMICONDUCTORS 


MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, Іс = 150 mAdc, 
VBE(off) = 0.5 Мас, lg1 = 15 mAdc) 
MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


Rise Time MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


Storage Time (Усс = 30 Мас, Іс = 150 mAdc, 
Въ = ІВ2 = 15 mAdc) 
MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


pae > | Time MD2218,F, MD2219,F 


Characteristic | Symbol | Min Typ Max Unit 


MD2218A,AF, MD2219A,AF 


(2) Pulse Test: Pulse iei AR = 300 us, Duty Cycle < 2.0%. 


НЕЕ, ОС CURRENT GAIN (NORMALIZED) 


V, VOLTAGE (VOLTS) 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 


(Бе (с ка йш ЭШ И ЕЯ [БЕШ] ТЕ L | 
02 ЕРНІНЕ ЕН ЕЕЕ 
05 07 10 20 30 50 10 10 20 30 50 0 100 200 %0 500 
1с, COLLECTOR CURRENT (mA) 


FIGURE 2 — “ON” VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
NOISE FIGURE 
(Vcg = 10 Vde, TA = 25°C) 
FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS 


Мое ПТИ 
lili ИШ DA УШ 


Ж uA 


FZ 
А 4 


00 01 02 05 10 20 50 10 50 100 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 


01 02 05 10 20 50 10 20 50 
f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (k OHMS) 


FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCES 


Vee 20У ӨЛШ РІШ ІТ 


mel | | ЕТ 
Ы 2. MHz НТ | 
| | || ДЕДА ЊЕ | 


— € вв а-ы — 
je - 
imm 


CAPACITANCE (pF) 


" ИШЕНЕ 


0.1 0.2 0.3 20 30 5.0 10 20 30 01 02 03 05 1.0 20 30 50 10 20 
Ic, COLLECTOR CURRENT (mAdc) REVERSE VOLTAGE (VOLTS) 


fr, CURRENT-GAIN -BANDWIDTH PRODUCT (MHz) 


SWITCHING TIME CHARACTERISTICS 


FIGURE 8 — TURN-ON TIME FIGURE 9 — CHARGE DATA 


Tj 
1/16 = 10 
Le 5 V (UNLESS NOTED) 


t, TIME (ns) 


30 50 10 20 30 50 100 200 300 30 50 70 10 20 30 50 70 100 200 300 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 


FIGURE 10 — TURN-OFF BEHAVIOR 


t, ty, STORAGE AND FALL TIME (ns) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 11 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 


PW < 200 ns 
DUTY CYCLE = 2.0% +30 V 
200 
© SCOPE 
Rin > 100 к ohms 
9.8 V 619 Cin < 12 pF 


RISE TIME < 5.0 ns 


0 — — 


t,, ti, STORAGE AND FALL TIME (ns) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 12 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


RISE TIME = 3.0% +30 V 
DUTY CYCLE = 2.0% 


200 


SCOPE 
Rin > 100 k ohms 
Cin < 12 pF 

10k RISE TIME < 5.0 ns 


0--!---|---,-- 


> 200 к 


18916 
-13.8V 


-3.0 V 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
| Rain ______| Буто 
| Collector-Emitter Voltage | Мо | 
| Collector-Base Voltage [Мо | 4 [№ 
| 080 ____ 
га 


М02369,А,В 
MD2369F,AF,BF 
MQ2369 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


MD2369,A,B 
CASE 654-07, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 
MD2369,A,B 
MD2369F,AF,BF 
MQ2369 
Derate above 25°C 
MD2369,A,B 
MD2369F,AF,BF 
MQ2369 


Total Device Dissipation 


350 400 MD2369F,AF,BF 
400 600 CASE 610A-04, STYLE 1 = 
MQ2369 


CASE 607-04, STYLE 1 «5 


DUAL 


@ Tc = 25°С 
MD2369,A,B 14 2.0 GENERAL PURPOSE TRANSISTOR 
MD2369F,AF,BF 0.7 1.4 
MQ2369 0.7 2.8 NPN SILICON 

Derate above 25°C mW/°C 
MD2369,A,B 8.0 11.4 
MD2369F,AF,BF 
MQ2369 


—65 to +200 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


All Die 
Symbol One Die Equal Power 
Rec °C/W 


125 87.5 


MD2369,A,B 
MD2369F,AF,BF 
MQ2369 


Thermal Resistance, Junction to Ambient RagJA(1) °C/W 


MD2369,A,B 
MD2369F,AF,BF 500 438 
MQ2369 438 292 


Coupling Factor MD2369,A,B 
MD2369F,AF,BF 


MQ2369 (Q1-Q2) 
(Q1-Q3 or 01-04) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


Junction to Junction to 
Ambient Case 
83 


40 % 
75 0 
57 0 
0 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Ic = 0) 
= -|е|^ 


Collector Cutoff Current 
(Vcg = 20 Мас, Іс = 0) 
(Усв = 20 Vdc, lg = 0, TA = +150°С) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(Ic = 10 mAdc, Vcg = 1.0 Мас, TA = —55°C) 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol 


Collector-Emitter Saturation Voltage VCE(sat) 


(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 

(Vcg = 5.0 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 

(УВЕ = 1.0 Мас, Ic = 0, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


Storage Time 

(Усс = 10 Vdc, Іс = въ = 182 = 10 mAdc) 
Turn-On Time 

(Усс = 3.0 Vdc, VBE(off) = 1.5 Мас, lc = 10 mAdc, lg1 = 3.0 mAdc) 
Turn-Off Time 

(Усс = 3.0 Мас, lc = 10 mAdc, въ = 3.0 mAdc, |82 = 1.5 mAdc) 
MATCHING CHARACTERISTICS 
DC Current Gain Ratio(3) 


(с = 3.0 mAdc, Vcg = 1.0 Мас) MD2369A, MD2369AF 
MD2369B, MD2369BF 


Base-Emitter Voltage Differential 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) MD2369A, MD2369AF 
MD2369B, MD2369BF 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(с = 3.0 mAdc, Vcg = 1.0 Мас, ATA 
TA = —55 to +125°C) MD2369A, MD2369AF 
MD2369B, MD2369BF 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as hFE1 for this test. 


FIGURE 1 — STORAGE TIME TEST CIRCUIT 
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Pulse Width = 300 ns 
te & 1.0 ns 
Duty Cycle < 2.0% 


FIGURE 2 — TURN-ON TIME 
Dh е ее ae 
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t, TIME (ns) 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 
FIGURE 4 — TURN-ON TEST CIRCUIT FIGURE 5 — TURN-OFF TEST CIRCUIT 
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FIGURE 8 — DC CURRENT GAIN FIGURE 9 — “ON” VOLTAGES 
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hee, OC CURRENT GAIN 
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FIGURE 10 — COLLECTOR SATURATION REGION FIGURE 11 — TEMPERATURE COEFFICIENTS 
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MD2904,A,F,AF 
MD2905,A,F,AF 
MQ2904, MQ2905A 


MD2904,A 
MD2905,A 
CASE 654-07, STYLE 1 


MD2904F,AF 
MD2905F,AF 
CASE 610A-04, STYLE 1 


“ 


М02904 
MQ2905A 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Coupling Factor 


MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 


MQ2904, М02905А 
Thermal Resistance, Junction to Ambient RaJAU) 
MD2904,A, MD2905,A 


MD2904F, AF, MD2905F,AF 
MQ2904, МО290БА 


MAXIMUM RATINGS 


MD2904,F |MD2904A,AF 
MD2905,F |MD2905A,AF 
МО2905А 
Collector-Emitter Voltage VCEO | 40 | 60 Vdc 
Collector-Base Voltage Усво 60 Мас 
Emitter-Base Voltage VEBO 5.0 Vdc 
Collector Current — Continuous lc 600 mAdc 
All Die 
One Die |Equal Power 
Total Device Dissipation Pp mW 
@ TA = 25°C 
MD2904,A, MD2905,A 575 625 
MD2904F,AF, MD2905,AF 350 400 
MQ2904, М02905А 400 600 mW^C 
Derate above 25°C 
MD2904,A, MD2905,A 3.29 3.57 
MD2904,F,AF, MD2905F,AF 2.0 2.28 
МО2904, MQ2905A 2.28 3.42 
Total Device Dissipation Watts 
@ Tc = 25°C 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, М02905А mW^C 
Derate above 25°C 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQ2905A 
Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


Аејс 


One Die 


All Die 
Equal Power 


= 


°C/W 
97 70 
175 87.5 
195 48.8 
304 
500 438 
438 292 


Junction to 


Junction to 


MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
МО2904, МО2905А (01-02) 


(01-03 ог 01-04) 


(1) Ед is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 — z-———— -— 7 | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, lg = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 Adc, Ic = 0) 
Collector Cutoff Current 
(Усв = 50 Мас, ЈЕ = 0) 
(Vcg = 50 Мас, ЈЕ = 0, ТД = 150°C) 


MOTOROLA SEMICONDUCTORS 


Ambient Case 
EN % 
84 44 
75 0 
57 0 
55 0 
Тур | Мах | Unit | 


== 
М(ВВ)СЕО Vdc 
MD2904, MD2905 40 = = 
MD2904A, MD2905A 60 — — 
V(BR)CBO 60 -- E Vdc 
ICBO uAdc 
- - 0.020 
= — 30 


5-62 


SMALL-SIGNAL DEVICES 


MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 10 Мас) MD2904 
MD2904A 
MD2905 
MD2905A 


(С = 1.0 mAdc, Vcg = 10 Мас) MD2904 
MD2904A 
MD2905 
MD2905A 


(С = 10 mAdc, Vcg = 10 Мас) MD2904 
MD2904A 
MD2905 
MD2905A 


150 mAdc, Vcg — 10 Vdc) М02904,А, 
MD2905,A 


500 mAdc, Vcg = 10 Мас) MD2904 
MD2904A 
MD2905 
MD2905A 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 150 mAdc, Ів = 15 mAdc) 
(Ic = 500 mAdc, lg = 50 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(С = 150 mAdc, Ів = 15 mAdc) 
(ІС = 500 mAdc, lg = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 
(с = 50 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 30 Vde, Уве = 0.5 Ус, 
Delay Time lc = 150 mAdc, 

Turn-Off Time (Усс = 30 Мас, 
c 150 made, 

Fall Time lg1 = 182 = 16 mAde) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


== ——————————————————— — 9 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 
FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 


FIGURE 6 — CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCE 
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FIGURE 10 — STORAGE TIME FIGURE 11 — FALL TIME 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 


FIGURE 12 — DELAY AND RISE FIGURE 13 — STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 
P.W. > 200 ns -30 V P.W. = 1.0 us -30 V 
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MAXIMUM RATINGS 


MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 


MD3250,A 
MD3251,A 
CASE 654-07, STYLE 1 


MD3250F,AF 
MD3251F,AF 
CASE 610A-04, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 
Derate above 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 


Total Device Dissipation 

@ Tc = 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 

Derate above 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 


MQ3251 
Operating and Storage Junction 


Temperature Range 


МО3251 ” 
CASE 607-04, STYLE 1 == 
DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


All Die 
Equal Power 


Thermal Resistance, Junction to Case °C/W 
MD3251,A, MD3251,A 70 
MD3250F,AF, MD3251F,AF 87.5 
MQ3251 48.8 


Thermal Resistance, Junction to Ambient °C/W 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 438 
MQ3251 
96 


438 
Junction to Junction to 
Ambient Case 


Coupling Factors 
MD3250,A, MD3251,A 44 
MD3250F,AF, MD3251F,AF 0 
MQ3251 (Q1-Q2) 0 
(01-ОЗ or 01-04) 0 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | тур | Mex | unit | 


кы ll Кей Бойко 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 џАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current ICBO 
(Усв = 40 Мас, ЈЕ = 0) nAdc 
pAdc 


(VcB = 40 Мас, IE = 0, Ta = 150°C) 
(УВЕ = 3.0 Мас, Ic = 0) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(с = 10 mAdc, Ig = 0) 
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MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 „Adc, Vcg = 5.0 Мас) MD3250,A,F,AF 


MD3251,A,F,AF 


5.0 Vdc) MD3250,A,F,AF 
MD3251,A,F,AF 


MQ3251 


100 uAdc, VCE 


Ш 


(Ic 


MD3250,A,F,AF 
MD3251,A,F,AF 


lI 


100 иАдс, Усе = 5.0 Мас, Ta = -55%С) 


(Ic 


1.0 mAdc, Vcg = 5.0 Vdc) MD3250,A,F, AF 
MD3251,A,F, AF 


MQ3251 


(Ic 


MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 


(с = 10 mAdc, Vcg = 5.0 Мас) 


50 mAdc, VCE = 5.0 Vdc) MD3250,A,F,AF 
MD3251,A,F,AF 


MQ3251 


(Ic 


Collector-Emitter Saturation Voltage 
(с = 10 mAdc, Ів = 1.0 тАас) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Мас, f = 100 MHz) 


MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 


Output Capacitance 
(Vcg = 5.0 Vdc, lg = 0, f = 100 kHz) 
Input Capacitance 
(УВЕ = 1.0 Мас, lc = 0, f = 100 kHz) 
MATCHING CHARACTERISTICS (MD3250,A,F,AF & MD3251,A,F,AF ONLY) 
DC Current Gain Ratio(3) 
(с = 100 Adc, Vcg = 5.0 Мас) 
(с = 1.0 mAdc, УСЕ = 5.0 Мас) 


Base-Emitter Voltage Differential 
(Ic = 100 џАдс, Vcg = 5.0 Мас) 


(Ic = 10 uAdc, Vcg = 5.0 Мас) 
(с = 10 mAdc, Vcg = 5.0 Vdc) 


Base-Emitter Voltage Differential Change Due to Temperature 
(Ic = 100 uAdc, Vcg = 5.0 Мас, TA = —55 to + 25°С) 
(с = 100 „Adc, Vcg = 5.0 Vdc, Ta = +25 їо + 125°С) 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as hFE1 for this ratio. 


hFE 


VCE(sat) 


VBE(sat) 


hFE1/hFE2 


IVBE1-VBE2 


A|VBE1/VBE2| 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 


FIGURE 1 — CAPACITANCE FIGURE 2 — CURRENT-GAIN BANDWIDTH PRODUCT 
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NOISE FIGURE VARIATIONS ps1 


(ҮСЕ = 6.0 V, TA = 25°C) 
FIGURE 3 — EFFECTS OF FREQUENCY FIGURE 4 — EFFECTS OF SOURCE RESISTANCE 


NF, NOISE FIGURE (dB) 
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FIGURE 5 — DC CURRENT GAIN 


NORMALIZED AT Ic = 10 mA, Vcg = 10 V 
83 — MD3250,A,F, AF 
TYPICAL hfg = 167 - MD3251,A,F,AF, M03251 


ПЕЕ, DC CURRENT GAIN (NORMALIZED) 
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MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 


FIGURE 6 — “ON” VOLTAGE 


ее | | | | 
ИШЕНИШИН! 
H muni 


—— 


| VBE(sat e Ic/lg = 10 та 


У, VOLTAGE (VOLTS) 


05 07 10 20 30 50 70 10 20 30 50 
Ic, COLLECTOR CURRENT (mA) 


MD3250 


УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Дио se ГЕ 
ШЕ ШШ 
0.02 0.05 01 0.2 0.5 1.0 2.0 5.0 10 20 


IB, BASE CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


5-70 


Oy, TEMPERATURE COEFFICIENTS (mV/9C) 


FIGURE 8 — COLLECTOR SATURATION REGION 
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FIGURE 7 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


MD3409 
MD3410 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Both Die 
Equal 
One Die | Power 


Total Device Dissipation @ Ta = 25°C 575 625 
Derate above 25°C 3.29 3.57 

Total Device Dissipation (а Тс = 25°C 
Derate above 25°C 


Operating and Storage Junction —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS DUAL 


к . | Both Die AMPLIFIER TRANSISTOR 
Characteristic OneDie  |Equal Power| Unit 
Thermal Resistance, Вос 97 70 °C/W NPN SILICON 
Junction to Case 
Thermal Resistance, RaJA(1) 280 °C/W 
Junction to Ambient 
Junction to | Junction to 
Ambient Case 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (lc = 10 uAdc, Ів = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 10 uAdc, ЈЕ = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg = 10 џАдс, lc = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) 
(Vcg = 50 Мас, lg = 0, TA = 150°C) 


Emitter Cutoff Current (Уве = 3.0 Мас, lc = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) 
10 џАдс, МСЕ = 10 Мас) MD3410 
100 „Adc, Vcg = 10 Vdc) Both Devices 
1.0 mAdc, Vcg = 10 Vdc) Both Devices 
10 mAdc, Vcg = 10 Vdc) Both Devices 


Collector-Emitter Saturation Voltage (Іс = 10 mAdc, Ів = 1.0 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance (Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 
Input Capacitance (Уве = 0.5 Мас, lc = 0, f = 1.0 MHz) 


CASE 654-07, STYLE 1 


Refer to MD2218 for graphs. 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential Change Due to Temperature IVBE1-VBE2| 
= 100 џАдс, Vcg = 10 Мас, MD3409 

= —55°C to +25°C) MD3410 

= 100 uAdc, Vcg = 10 Мас, MD3409 

Ta = +25°C to +125°C) MD3410 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MD3467,F 
MQ3467 


MD3467 
CASE 654-07, STYLE 1 


== 
— 


— N] 


MD3467F 
CASE 610A-04, STYLE 1 


MQ3467 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Coupling Factors 


MAXIMUM RATINGS 


Rating Symbol | Value Unit 
Collector-Emitter Voltage VCEO 40 Vdc 
Collector-Base Voltage VcBO 40 Vdc 

50 Мас 
Collector Current — Continuous іс 1:5 Асс 
All Die 
One Die | Equal Power 


Total Device Dissipation 


@ TA = 25°C 
MD3467 
MD3467F 
MQ3467 
Derate above 25°C 
MD3467 
MD3467F 
MQ3467 
Total Device Dissipation Pp 
@ Tc = 25°C 
MD3467 
MD3467F 
MQ3467 
Derate above 25°C 
MD3467 
MD3467F 
MQ3467 
Operating and Storage Junction TJ, Tstg 


Temperature Range 


3.42 3.7 
2.0 2.28 
2.28 3.42 
2.1 3.0 
1.25 2:5 
1.0 4.0 
12 17.2 
7.15 14.3 
5.71 22.8 
— 65 to +200 


MD3467 
MD3467F 
MQ3467 


RaJA(U) 
MD3467 

MD3467F 
MQ3467 


292 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(с = 10 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 uAdc, Ip = 0) 


MD3467 85 
MD3467F 75 
MQ3467 (01-02) 57 
(01-03 or 01-04) 55 

Symbol Min 


Emitter-Base Breakdown Voltage 
(lg = 10 џАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 30 Мас, lp = 0, Ta = 100°C) 


Emitter Cutoff Current 
(Уве = 3.0 Vdc, Ic = 0) 


One Die 


Junction to 
Ambient 


ooo 
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All Die 
Equal Power 


Junction to 
Case 


Watts 


mW^C 


SMALL-SIGNAL DEVICES 


MD3467,F, MQ3467 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Зитьо | Ма | Тур | Mex | Umi | 


= Sete 


ON CHARACTERISTICS 


DC Current Gain 
(ІС = 500 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, lg = 50 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 30 Мас, Уве = 2.0 Мас, 
Rise Time lc = 500 mAdc, въ = 50 mAdc) 


VBE(sat) 


Storage Time (Усс = 30 Мас, Іс = 500 mAdc, 


Fall Time ІВ1 = ІВ2 = 50 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MD3467,F, MQ3467 
FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 — TURN-ON TIME FIGURE 7 — RISE AND FALL TIME 
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MD3467,F, MQ3467 


FIGURE 10 — SWITCHING TIME TEST CIRCUIT 


Ic = 500 mA +27.7 V -30 v 


181 = 1в2 = 50 тА 


Rise Time <5 ns 
Pulse Width = 0.5 us 


Duty Cycle - 296 0.1 &F| 3000 
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FIGURE 11 — CAPACITANCE 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 
Rating | Sl] 


Total Device Dissipation Pp 


MD3725,F 
MQ3725 


MD3725 
CASE 654-07, STYLE 1 


All Die 
Equal Power 


One Die 


(9 ТА = 25°C 
MD3725F MD3725 600 650 
MD3725F 350 400 
CASE 6104-04, STYLE 1 27 ie sn айй 

Derate above 25°C mW/°C 

MD3725 3.7 

MQ3725 D MD3725F 

CASE 607-04, STYLE 1 -M M03725 


Total Device Dissipation 


@ Tc = 25°C 
DUAL MD3725 . г 
AMPLIFIER TRANSISTOR MD3725F 1.25 2.5 
MQ3725 1.0 4.0 
NPN SILICON Derate above 25°C mW^C 
MD3725 12 17.2 
MD3725F 7.15 14.3 
MQ3725 


Tj Тед —65 to +200 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


All Die 
Characteristic Equal Power 


Thermal Resistance, Junction to Case 
MD3725 
MD3725F 
MO3725 


Thermal Resistance, Junction to Ambient 
MD3725 
MD3725F 
MQ3725 


Junction to Junction to 
Ambient Case 


Coupling Factor 
MD3725 
MD3725F 
М03725 (01-02) 
(Q1-Q3, 01-04) 


(1) RgjA is measured with the device soldered into а typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| се | Symb! | м | Te | Mex | umi | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 
(Ic = 10 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 дАдс, УВЕ = 0) MD3725F 


Collector-Base Breakdown Voltage 
(Ic = 100 дАдс, lg = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 дАдс, Іс = 0) 

Collector Cutoff Current IcBO 
(св = 40 Мас, ЈЕ = 0) 
(Vcg = 40 Мас, |Е = 0, ТА = 100°C) 
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MD3765,F, MQ3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characteristic | Зутво | Mm | тур | мах | Unit | 
ON CHARACTERISTICS(2) 
DC Current Gain 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 
(Ic = 500 mAdc, МСЕ = 2.0 Мас) 


Collector-Emitter Saturation Voltage 


(Ic = 100 mAdc, Ів = 10 mAdc) 
(ІС = 500 mAdc, IB = 50 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ів = 10 mAdc) 
(Іс = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Ic = 500 mAdc, въ = 50 тАас, VpE(off) = 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


TYPICAL DC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES 
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MD3765,F, MQ3725 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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ft, CURRENT-GAIN -BANDWIDTH PRODUCT (MHz) 
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FIGURE 9 — SWITCHING TIME TEST CIRCUIT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating Symbol 


MD3762,F 


MQ3762 


Collector-Base Voltage | Усво | 
Emitter-Base Voltage 
Collector Current — Continuous MD3762 
All Die 
Os Die [Equal Power CASE 654-07, STYLE 1 
Total Device Dissipation Pp mW 
@ TA = 25°C 
MD3762 600 650 MD3762F Е 
MD3762F pe Pe CASE 610A-04, STYLE 1 : 
MQ3762 400 600 А A> 
Derate above 25°C mW/°C 
MD3762 3.42 3.7 
MD3762F 2.0 2.28 
MQ3762 2.28 MQ3762 : 
Total Device Dissipation CASE 607-04, STYLE 1 
@ Tc = 25°C 
MD3762 DUAL 
MD3762F 
M03762 AMPLIFIER TRANSISTOR 
Derate above 25°C 
MD3762 PNP SILICON 
MD3762F 


MQ3762 


Operating and Storage Junction 
Temperature Range 


—65 to +200 


THERMAL CHARACTERISTICS 


All Die 
Characteristic One Die Equal Power 
MD3762F 


Thermal Resistance, Junction to Case 
83.3 58.3 
140 70 
MQ3762 175 43.8 
Thermal Resistance, Junction to Ambient Во.) А(1) °C/W 
MD3762 292 pu 
MD3762F ps 
MO3762 wed 


Junction to Junction to 
Ambient Case 


Coupling Factors 


MD3762 


MD3762 

MD3762F 

MQ3762 (01-02) 
(01-ОЗ, 01-04) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [ Sym | Mm | Tvp | max | ume | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO мас 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Іс = 0) 
Collector Cutoff Current ІСВО 
(Усв = 30 Мас, Іс = 0) nAdc 
(VcB = 30 Мас, Іс = 0, Ta = 100°C) ES 
Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 
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MD3762,F, MQ3762 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 1.0 Adc, Vcg = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Adc, lg = 0.1 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 1.0 Adc, Ів = 0.1 Adc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 

(Усв = 10 Мас, ЈЕ = 0, f = 140 kHz) 
Input Capacitance 

(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Усс = 30 Мас, VBE(off) = 2.0 Мас, 
Ic = 1.0 Adc, |81 = 100 mAdc) 


Rise Time 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


(Усс = 30 Мас, Іс = 1.0 Ade, 
Fall Time ІВ1 = ІВ2 = 100 mAdc) 


Symbol Min Typ 


VCE(sat) 


VBE(sat) 


(3) fr is defined as the frequency at which |hre| extrapolates to unity. 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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MD3762,F, MQ3762 


FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 


MD4260 
MD4261 


CASE 654-07, STYLE 1 One Die | Both Die 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction —65 to +200 
Temperature Range 


DUAL THERMAL CHARACTERISTICS 
RF AMPLIFIER 


PNP SILICON 


Characteristic 


Thermal Resistance 


Junction to | Junction to 
Ambient Case 
°C/W 
One Die 319 125 
Effective, Both Die 292 87.5 


Refer to 2N4260 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbo | Min | Мах | Unit | 
Collector-Emitter Breakdown Voltage (ІС = 10 mAdc, lg = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (lc = 10 дАдс, |с = 0) V(BR)CBO — Vdc 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage (lg = 10 Adc, Іс = 0) V(BR)EBO | 40 | = Мас 
(МСЕ = 12 Мас, lg = 0) ІСЕО 
(Vcg = 10 Мас, ЈЕ = 0) 


Collector Cutoff Current 


Collector Cutoff Current 
ON CHARACTERISTICS 
DC Current Gain (Іс = 10 mAdc, МСЕ = 1.0 Мас) (Іс = 30 mAdc, Vcg = 2.0 Мас) ПЕЕ 


Collector-Emitter Saturation Voltage (с = 10 mAdc, Ig = 1.0 mAdc) VCE(sat) | [= ~ 


Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) -- 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 0.5 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) 
(с = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance (Vcg = 3.0 Мас, lg = 0, f = 100 kHz) 


Input Capacitance (Уве = 0.5 Мас, lc = 0, = 100 kHz) 


Collector Base Time Constant (lc = 5.0 mAdc, Vcg = 4.0 Мас, f = 31.8 MHz) 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 31.8 MHz) 


MATCHING CHARACTERISTICS (MD4261 only) 


DC Current Gain Ratio(1) hFE1/hFE2 0.8 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 

Base-Emitter Voltage Differential \VBE1-VBE2! — 
(Ic = 10 тАас, Vcg = 1.0 Мас) 


(1) The lowest hrg reading is taken as hFE1 for this ratio. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MD5000,A,B 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


Rating 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Refer to 2N3307 for graphs. 


| Characteristic | бе | ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Іс = 3.0 mAdc, lg = 0) V(BR)CEO | 15 | — | — | ve | 
Collector-Base Breakdown Voltage (lc = 10 „Adc, ЈЕ = 0) V(BR)CBO ЕвезешЕш 


Emitter-Base Breakdown Voltage (IE = 10 „Adc, Ic = 0) V(BR)EBO | — | = | ve | 
Collector Cutoff Current (Vcg = 15 Мас, ЈЕ = 0) ІСВО 0.010 рАас 
(VCB = 15 Vdc, ЈЕ = 0, Ta = 150°C) 1.0 


ON CHARACTERISTICS 


DC Current Gain (с = 30 mAde, Vcg = 1.0 Vae) вв ан j| — | — | 
Collector-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) VCE(sat) | — | = | 04 | ме | 
Base-Emitter Saturation Voltage (Іс = 10 mAdc, lg = 1.0 mAdc) VBE(sat) | — | = | 1e | ме | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 


Noise Figure 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 60 MHz, Rs = 400 ohms) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Ic = 6.0 mAdc, Vcg = 12 Мас, Rg = RL = 50 ohms, f = 200 MHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(1) hrE1/hrg2 
(с = 4.0 mAdc, Vcg = 10 Мас) MD5000 
MD5000A 
MD5000B 


Base-Emitter Voltage Differential IVBE1-VBE2l 
(с = 4.0 mAdc, Vcg = 10 Мас) MD5000 
MD5000A 
MD5000B 


Base-Emitter Voltage Differential Gradient A(VgE1-VBE2) 
(Ic = 4.0 mAdc, Vcg = 10 Мас, ТА = —55to +125°C) М05000 ATA 
MD5000A 
MD5000B 


(1) The lowest hfg reading is taken as ВЕЕТ for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


MD6001,F 
MD6003 | MD6002,F 
Rating Symbol |MD6003F| MQ6001,2 


Collector-Emitter Voltage VCEO | в | 
Collector-Base Voltage | Усво | 50 | во | 


Emitter-Base Voltage VEBO 


MD6001,F 

MD6002,F 

MD6003,F 
М06001, М06002 
pow 


CASE 654-07, STYLE 5 


Collector Current — Continuous lc 


MD6001F 
MD6002F 


Total Device Dissipation @ TA 
MD6001,2,3 575 625 


MD6003F MD6001F,2F,3F 350 400 

CASE 610A- 04, STYLE 1 LE oo 25°C E va 
M06001 — MD6001,2,3 329 | 357 | тус 
Ma6002 E MD6001F,2F,3F 


MQ6001,2 


Total Device Dissipation @ Tc 
MD6001,2,3 


CASE 607-04, STYLE 1 
COMPLEMENTARY DUAL 
GENERAL PURPOSE 


MD6001F,2F,3F 1.0 1 
TRANSISTOR MQ6001,2 0.9 3.6 
NPN/PNP SILICON Derate above 25°C mW^C 
MD6001,2,3 10.3 
MD6001F,2F,3F 


MQ6001,2 


Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD6001,2,3 97 
MD6001F,2F,3F 175 
MQ6001,2 195 


Thermal Resistance, Junction to Ambient 
MD6001,2,3 304 
MD6001F,2F,3F 500 
MQ6001,2 438 


Coupling Factor 


MD6001,2,3 
MD6001F,2F,3F 
MQ6001,2 (01-02) 
(Q1-Q3 or 01-04) 


(1) Reja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| — (әне ме | т» [ме |ә | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(Ic = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дАдс, lg = 0) MD6003,F 
MD6001,F, MD6002,F, MQ6001, MQ6002 
ЧЕ = 10 дАдс, Ic = 0) 
EU ~ |- | - | | 


(УСЕ = 30 Vdc, УВЕ 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3.0 Vdc) MD6003,F 
3.0 Мас) MD6001,F,2,F, MQ6002,F 


(Vcg = 50 Vdc, Veg 


5-84 


MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


2 ане | Symbol | ма | тур | Mex | Unit | 


Collector Cutoff Current 


(УСЕ = 30 Мас, VBE(off) = 3.0 Мас) MD6003,F 
(VcE = 50 Vdc, VEB(off) = 3.0 Мас) MD6001,F,2,F, MQ6001,2 
(УСЕ = 50 Мас, VEp(off) = 3.0 Мас, MD6001,F,2,F, MQ6001,2 


TA = 150°C) 
Collector Cutoff Current ICBO 
(Усв = 40 Мас, ЈЕ = 0) MD6003,F 
ON CHARACTERISTICS(2) 
DC Current Gain 


(С = 0.1 mAdc, Vcg = 10 Мас) MD6001,F, MQ6001 
MD6002,F, MQ6002 


йс = 1.0 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 
MD6003,F 40 


MQ6002,F, МО6002 


10 mAdc, Vcg = 10 Мас) MD6001,F, MQ6001 


MD6002,F, MQ6002 


(Ic — 


(с = 150 mAdc, Vcg = 10 Мас) MD6001,F, MQ6001 
MD6003,F 


MD6002,F, MQ6002 


(ІС = 300 mAdc, МСЕ 


10 Vdc) MD6001,F, MQ6001 


All Other Devices 


10 Vdc) MD6001,F, MQ6001 


MD6002,F, MQ6002 


(ІС = 150 mAdc, МСЕ 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ів = 15 mAdc) All Devices 
(с = 300 mAdc, Ів = 30 mAdc) MD6001, MD6002,F, MQ6002,1 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ів = 15 mAdc) All Devices 
(с = 300 mAdc, IB = 30 mAdc) MD6001, MD6002,F, MQ6001,2 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


VCE (sat) 


VBE(sat) 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 


FIGURE 2 — "ON" VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 


FIGURE 8 — TURN ON TIME 
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FIGURE 10 — STORAGE TIME 
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FIGURE 13 — STORAGE AND FALL 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


|Rating | Symbol] Value 
Collector-Emitter Voltage МСЕО | 


MD7000 


CASE 654-07, STYLE 1 


| conector Current — continuous — | ic | — sœ | 
бов | BetDie | 
Total Device Dissipation 
575 625 
3.29 3.57 mW НА 
Total Device Dissipation 
@ Tc = 25°C 
GENERAL PURPOSE THERMAL CHARACTERISTICS 
TRANSISTOR Characteristic [symbol] One Die | Both Die 


Collector-Base Voltage мао| 2860400 
@ TA = 25°C 
Derate above 25°C 10. 3 
Thermal Resistance, Junction to Сазе| R 
NPN SILICON 


Emitter-Base Voltage Wao l... 59 | 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 

Thermal Resistance, Junction to RaJA(1) 
Ambient 


Refer to MD2218 for graphs. 


Junction to | Junction to 
mcm ти 


Coupling Factor 


(1) Rega is measured with the device soldered into а Nm а circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic 7 | Symb! | м | тур | Mex | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcg = 40 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(С = 150 mAdc, Vcg = 10 Мас) 
(с = 300 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 150 mAdc, lg = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(С = 150 mAdc, Ip = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
Мев = 2.0 Мас, Іс = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Collector-Emitter Voltage 


Collector-Base Voltage | Усво | 
Emitter-Base Voltage | VEBO | 
Collector Current — Continuous это ыз бои с. 


Total Device Dissipation @ TA = —————— 
MD7001 
MD7001F 
М07001 
Derate above 25°C 
MD7001 
MD7001F 
М07001 


Total Device Dissipation (v Тс = 25°C 
MD7001 
MD7001F 
MQ7001 
Derate above 25°C 
MD7001 
MD7001F 
MQ7001 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Coupling Factor 


MD7001,F 
MQ7001 


MD7001 
CASE 654-07, STYLE 1 


MD7001F 


CASE 610A-04, STYLE SS 


мо7001 чи 
CASE 607-04, STYLE 1 oe 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


MD7001 
MD7001F 
М07001 


MD7001 
MD7001F 
м07001 


MD7001 
MD7001F 
М07001 (01-02) 
(Q1-Q3 ог 01-04) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x се | Symbol | Mi | тур | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) 

(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 

(Ic = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 

(Ip = 10 „Adc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 40 Мас, Ip = 0) 
ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
(ІС = 150 mAdc, Vcg = 10 Мас) 
(Ic = 300 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage 
(ІС = 150 mAdc, Ів = 15 mAdc) 


SMALL-SIGNAL DEVICES 
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MD7001,F, MQ7001 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Base-Emitter Saturation Voltage VBE(sat) — 0.88 1.3 Vdc 
(С = 150 mAdc, lg = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, = 100 kHz) 


Input Capacitance 
(УВЕ = 2.0 Мас, Ic = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Г м ao ма м 
Гоага тінге — [м [а | Vis | 
FcolectorBese мое | сво | —  — [№ 
>r [Мю] № — ve | 


Both Die 
One Die  |Equal Power 


MD7002,A,B 


CASE 654-07, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


THERMAL CHARACTERISTICS 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Both Die 
Characteristic One Die |Equal Power 


Thermal Resistance, 304 Refer to 2N2919 for graphs. 
Junction to Ambient 


Junction to | Junction to 
Ambient Case 


Coupling Factors 84 44 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 мене | Symb! | Mm | Typ | Ma | Unt | 


Collector-Emitter Breakdown Voltage(2) (Іс = 10 mAdc, Ig = 0) V(BR)CEO | — | — | vé | 
Collector-Base Breakdown Voltage (lc = 10 uAdc, ЈЕ = 0) V(BR)CBO |- — | — | wee | 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, Іс = 0) V(BR)EBO | 5 | — | = | же | 


Collector Cutoff Current (Vcg = 30 Vdc, ЈЕ = 0) ІСВО Е | — | 100 | nade | 


ON CHARACTERISTICS 


DC Current Gain(2) (Ic = 100 Adc, Vcg = 10 Мас) hrE 130 

(Ic = 10 mAdc, Усе = 10 Мас) 170 
Collector-Emitter Saturation Voltage (Іс = 10 mAdc, Ів = 1.0 mAdc) VCE(sat) вели: | am | ме | 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) VBE(sat) | — | gs | 10 | № | 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) fT MHz 
(с = 5.0 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Output Capacitance Cobo 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance Cibo pF 
(УВЕ = 2.0 Мас, Ic = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) hFE1/hFE2 
(Ic = 100 „Adc, Vcg = 10 Мас) MD7002A 
MD7002B 


Base-Emitter Voltage Differential IVBE1- VBE2I 
(С = 100 рАас, Vc = 10 Мас) MD7002A 
MD7002B 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as hFE1 for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


MD7003,A,B,F,AF 
MQ7003 


Collector-Base Voltage Усво 
Emitter-Base Voltage VEBO 
[Collector Current — Continuous — | ic | 


MD7003,A,B 


Equal Power 
Total Device Dissipation 
@ Ta = 25°C 
MD7003F,AF MD7003,A,B 550 600 
CASE 610A-04, STYLE 15 => MD7003F,AF 350 400 
e MO7003 400 600 
Derate above 25°C mW/^C 
MD7003,A,B 3.14 
MO7003 MD7003F,AF 
CASE 607-04, STYLE 1 MQ7003 
Total Device Dissipation 


@ Tc = 25°C 
DUAL М07003,А,В 1.4 
AMPLIFIER TRANSISTOR MD7003F,AF 0.7 
ма7003 07 
PNP SILICON Derate above 25°C 
MD7003,A,B 8.0 
Refer to 2N3810 for curves. MD7003F,AF : 4 


MQ7003 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD7003,A,B 87.5 
MD7003F,AF 125 
MQ7003 62.6 


Thermal Resistance, Junction to Ambient 
MD7003,A,B 319 pe 
MD7003F,AF 500 
MQ7003 за 


Coupling Factor 
MD7003,A,B 
MD7003F,AF 
MQ7003 (01-02) 
(01-ОЗ ог 01-04) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic 7) Symbol | ма | Typ | Mex | unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 
(Ic = 10 тАсс, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 дАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 џАдс, Ic = 0) 
Collector Cutoff Current ICBO = 
(Усв = 30 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 
DC Current Gain(2) 


(Ic = 100 дАдс, VCE 
(с = 10 mAdc, VcE 


10 Vdc) 
10 Vdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MD7003,A,B,F,AF, MQ7003 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 5.0 mAdc, МСЕ = 20 Мас, = 100 MHz) 
Output Capacitance 
(Vcg = 10 Мас, lg =0, f = 100 kHz) 
Input Capacitance 
(VBE = 2.0 Мас, Іс = 0, f = 100 kHz) 
Noise Figure 
(Ic = 100 Adc, Vcg = 10 Мас, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(Ic = 100 иАас, Vcg = 10 Мас) 


Base-Emitter Voltage Differential 
(Ic = 100 uAdc, УСЕ = 10 Мас) 


Characteristic | Symbol | 


| Min | Тур | Me | Unt | 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


MD7003A,AF 
MD7003B 


MD7003A,AF 
MD7003B 


š tà: EINER EU 


hrE1/hrE2 


IVBE1-VBE2I 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
(3) The lowest hrg reading is taken as hFE1 for this ratio. 
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MOTOROLA SEMICONDUCTORS 


MD7007,A,B,F,BF 
MQ7007 


MD7007,A,B 
CASE 654-07, STYLE 1 


MD7007F,BF 


CASE 610A-04, STYLE 1 < 


MQ7007 TM 
CASE 607-04, STYLE Т 22 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Coupling Factors 


MAXIMUM RATINGS 


Collector-Emitter Voltage УСЕО 40 Мас 


Collector-Base Voltage VcBo 50 Vde 


Emitter-Base Voltage VEBO 


Collector Current — Continuous Ic 200 


All Die 
One Die 


Equal Power 


Total Device Dissipation Pp mW 

@ TA = 25°C 
MD7007,A,B 575 625 
MD7007F,BF 350 400 
MQ7007 400 600 

Derate above 25°C тМ//2С 
MD7007,A,B 3.29 3.57 
MD7007F,BF 2.0 


MQ7007 
Total Device Dissipation 


@ Tc = 25°C 
MD7007,A,B 1.8 
MD7007F,BF 1.0 
MQ7007 0.9 
Derate above 25°C mW/°C 
MD7007,A,B 10.3 
MD7007F,BF 5.71 


ма7007 


Operating and Storage Junction 
Temperature Range 


—65to +200 


All Die 
Symbol One Die Equal Power Unit 
ReJc °C/W 
MD7007,A,B 97 70 
MD7007F,BF 175 87.5 
MQ7007 195 48.8 
ААЈА) °C/W 
MD7007,A,B 304 280 
MD7007F,BF 500 438 
MQ7007 438 292 
Junction to Junction to 
Ambient Case 
% 
MD7007,A,B 84 44 
MD7007F,BF 75 0 
м07007 (01-02) 57 0 
(01-02 ог 01-04) 55 0 


(1) RgjA is measured with the device soldered into а typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 се | Зутво | Mi | Typ | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 uAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 


(Ic = 100 wAdc, МСЕ 
(Ic = 1.0 mAdc, УСЕ 


10 Vdc) 
10 Vdc) 
10 Vdc) 
10 Vdc) 


(с = 10 mAdc, УСЕ 
(Ic = 50 mAdc, VcE 


MOTOROLA SEMICONDUCTORS 


Collector Cutoff Current ІСВО = - 
(Усв = 30 Vdc, ЈЕ = 0) 


K. cl all Mall al 
ке ы 
[жє ж = = 
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MD7007,A,B,F,BF, MQ7007 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol 


Collector-Emitter Saturation Voltage VCE(sat) 
(с = 50 mAdc, Ів = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 50 mAdc, Ів = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


(Ic = 10 mAdc, Vcg = 10 Мас, = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 2.0 Мас, Іс = 0, = 100 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) hFE1/hFE2 
(с = 1.0 mAdc, Vcg = 10 Мас) MD7007A 
MD7007B 
Base-Emitter Voltage Differential МВЕТ-УВЕЗ! mVdc 
(Ic = 1.0 mAdc, Vcg = 10 Мас) MD7007A 
MD7007B 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(3) The lowest hfg reading is taken as hFE1 for this ratio. 


Current-Gain — Bandwidth Product(2) EN 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


MD7021,F [Rating  [Svmboai|  — Маше — | Unit 
MQ702 1 Collector-Emitter Voltage VCEO 40 Vdc 
Collector-Base Voltage Veso |____ 5 — |уж| 
: Emitter-Base Voltage VEBO ep кй Vdc 
MD7021 ) Collector Current — Continuous гамата ғын mAdc 
CASE 654-07, STYLE 5 All Die 
One Die  |Equal Power 
Total Device Dissipation Pp mW 
@ TA = 25°C 
MD7021F MD7021 550 600 
CASE 610A-04, STYLE 1 MD7021F 350 400 
i мо7021 400 600 
Derate above 25°C mW/C 
MD7021 3.14 3.42 
MO7021 — MD7021F 2.0 2.28 
CASE 607-04, STYLE 1 ` E „= M07021 2.28 3.42 
Total Device Dissipation Pp Watts 
а Tc = 25°C 
COMPLEMENTARY MD7021 14 2.0 
GENERAL PURPOSE TRANSISTOR MD7021F 07 14 
ма7021 0.7 2.8 
NPN/PNP SILICON Derate above 25°C mW/^C 
MD7021 8.0 11.4 
MD7021F 4.0 8.0 
М07021 4.0 16 
Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 


THERMAL CHARACTERISTICS ` 
All Die 
Characteristic Symbol One Die Equal Power Unit 
Thermal Resistance, Junction to Case Rec °C/W 
MD7021 125 87.5 
MD7021F 250 125 
MQ7021 250 62.6 
Thermal Resistance, Junction to Ambient ВЋөјА(1) °C/W 
MD7021 319 292 
MD7021F 500 438 
MO7021 438 292 
Junction to Junction to 
Ambient Case 
Coupling Factor 96 
MD7021 
MD7021F 
М07021 (01-02) 
(01-ОЗ ог 01-04) 


(1) Rega is measured with the device soldered into а typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Characteristic | Symbol | ми | тур | мах | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO мас 
(Ic = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO мас 
(Ic = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 „Adc, Ic = 0) 
(Vcg = 30 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 „Адс, Vcg = 10 Мас) 


(Ic = 10 mAdc, Vcg = 10 Мас) 
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MD7021,F, MQ7021 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Chamderstie | Symbol | 
Collector-Emitter Saturation Voltage VCE(sat) 


(с = 10 mAdc, Ів = 1.0 mAdc)(2) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 2.0 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, VgE(off) = 0.5 Мас, lc = 150 mAdc, въ = 15 Adc) 


Turn-Off Time 


Output Capacitance EF 


(Усс = 30 Мас, Іс = 150 mAdc, въ = Ів2 = 15 mAdc) 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


MD8001 Symbol Value Unit 
Collector-Emitter Voltage VcEO Vdc 
м08002 MD8001 40 
MD8002 50 
MD8003 MD8003 60 
Collector Current — Continuous | | ___ as mAdc 
Both Die 
CASE 654-07, STYLE 1 жее, nd id 
Total Device Dissipation Pp 
@ Tp = 25°C 575 625 mW 
Derate above 25°C 3.29 3.57 mW/°C 
Total Device Dissipation Pp 
@ Tc = 25°C 1.8 2.5 Watts 
Derate above 25°C 10.3 14.3 mW/^/C 
Operating and Storage Junction TJ, Tstg —65 to +200 °С 
Temperature Range 
DUAL THERMAL CHARACTERISTICS 
AMPLIFIER TRANSISTOR Both Die 


One Die | Equal Power 
Max Max 


NPN SILICON Characteristic 


Thermal Resistance, 
Junction to Case 


Thermal Resistance, 
Junction to Ambient 


Junction to | Junction to 
Ambient Case 
Coupling Factor 84 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) MD8001 40 — — 
MD8002 50 — —- 
MD8003 60 — — 
Collector Cutoff Current IcBO — — 50 nAdc 
(VcB = 40 Мас, ЈЕ = 0) 
Emitter Cutoff Current IEBO — — 50 nAdc 
(ев = 4.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hrE 100 200 — — 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 
Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, = 100 kHz) 
Input Capacitance 


(VBE = 2.0 Мас, Ic = 0, f = 100 kHz) 
MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential 
(с = 1.0 mAdc, МСЕ = 10 Мас) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MHQ918 


CASE 632-02, STYLE 1 


MAXIMUM RATINGS 
Rating 


Each Total 
Transistor Device 


Total Device Dissipation 
@ TA = 25°C 0.65 1.9 
Derate above 25°C 3.72 10.88 
Total Device Dissipation 
@ Tc = 25°C 1.3 
Derate above 25°C 7.43 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Svmbo | Min | тур | Mex | unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 3.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 дАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Мас 
ЧЕ = 10 дАдс, Ic = 0) 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) 


Collector Cutoff Current 
(VcB = 15 Мас, ЈЕ = 0) 
110 
80 
(с = 10 mAdc, Vcg = 1.0 Vdc) 50 
Collector-Emitter Saturation Voltage VCE(sat) Мас 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.84 Vdc 
(с = 10 mAdc, lg = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 4.0 mAdc, МСЕ = 10 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 140 kHz) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD918 for graphs. 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 


Noise Figure 
(Ic = 1.0 mAdc, МСЕ = 6.0 Мас, Rg = 400 Ohms, f = 60 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MHQ2221 
MHQ2222 
MPQ2221* 


MPQ2222* MAXIMUM RATINGS 
Symbol| Value — | Unit | 


| Collector-Emitter Voltage VCEO 40 Vdc 

MHQ2221 
МНО2222 Collector-Base Voltage VCBO KNEE салы Vdc 
: Emitter-Base Voltage VEBO 5.0 Vdc 


CASE 632-02, STYLE 1 
TO-116 


МРО2221 vili 


MPQ2222 `, 
CASE 646, STYLE 1 


QUAD 
GENERAL PURPOSE TRANSISTOR 


NPN SILICON 
Refer to MD2218 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (с = 10 mAdc, Ів = 0) 


Collector Current — Continuous 


Each 
Transistor 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
MHQ2221, MHQ2222 
MPQ2221, MPQ2222 


Operating and Storage Junction 
Temperature Range МНО2221,22 
MPQ2221,22 


mW^PC 


—65 to +200 
—55 to +150 


Collector-Base Breakdown Voltage (Іс = 10 дАдс, ЈЕ = 0) V(BR)CBO 60 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, lc = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) ICBO 
Emitter Cutoff Current (Уве = 3.0 Мас, lc = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 10 Мас) МНО2221, MPQ2221 
MHQ2222, MPQ2222 


(Ic = 150 mAdc, Усе 


10 Vdc) MHQ2221, МРО2221 


MHQ2222, MPQ2222 


10 Vdc) 


MHQ2221, MPQ2221 
MHQ2222, MPQ2222 
Collector-Emitter Saturation Voltage VCE(sat) 

(с = 150 mAdc, Ів = 15 mAdc) 

(Ic = 300 mAdc, lg = 30 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, lg = 15 mAdc) 
(Ic = 300 mAdc, lg = 30 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


(lc = 300 mAdc, УсЕ 


VBE(sat) 


Output Capacitance 


(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 

(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 


(Усс = 30 Мас, VBE(off) = 0.5 Мас, 
ІС = 150 таАдс, въ = 15 mAdc) 


Turn-Off Time 


(Усс = 30 Мас, Іс = 150 mAdc, 
ІВ1 = ІВ2 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
*MPQ2221A and MPQ2222A also available. 


ЕР lI Ul I ээ s 
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МНО2221, MHQ2222, MPQ2221, MPQ2222 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 
PW < 200 ns +30 V 
DUTY CYCLE = 2.0% 


200 
99V 619 
0 — --- — 
"V SCOPE 
= Ва > 100 k ohms 
Cin < 12 pF 


RISE TIME < 5.0 ns 


FIGURE 2 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


DUTY CYCLE = 2 0% +30 V 


= 100 us 
< 5.0 ns 


+16.2 V 


SCOPE 
Rin > 100 k ohms 


|. -30v Cin < 12pF 
RISE TIME < 5.0ns 


SMALL-SIGNAL DEVICES 


MOTOROLA SEMICONDUCTORS 
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MHQ2369 
MPQ2369 


МНО2369 
CASE 632-02, STYLE 1 


MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current — Continuous 


MPQ2369 
CASE 646-05, STYLE 1 
TO-116 


Ic 


MPQ2369 


5.0 


Each Total 
Transistor Device 
Total Device Dissipation 
@ Ta = 25°C 0.5 1.5 Watts 
Derate above 25°C МНО2369 2.86 8.58 mW/°C 


15 


QUAD 
SWITCHING TRANSISTOR 
NPN SILICON 


Refer to MD2369 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


Operating and Storage Junction 
Temperature Range MHQ2369 
MPQ2369 


—65to +200 


Min 


Symbol 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (Іс = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage (lc = 10 uAdc, lg = 0) V(BR)CBO 
Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) ICBO 
Emitter Cutoff Current (Уве = 3.0 Vdc, lc = 0) ІЕВО 
ON CHARACTERISTICS 


DC Current Gain(1) (lc 


10 mAdc, Vcg = 1.0 Vdc) 
(с = 100 mAdc, Vcg = 2.0 Vdc) 


Collector-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fr 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Мас, lg = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 3.0 Мас, УВЕ = 1.5 Мас, Іс = 10 mAdc, lg1 = 3.0 mAdc) 


VCE(sat) 
VBE(sat) 


Turn-Off Time 
(Усс = 3.0 Мас, lc = 10 mAdc, lg1 = 3.0 mAdc, |82 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MHQ2483 
MHQ2484 


MAXIMUM RATINGS 


CASE 632-02, STYLE 1 
TO-116 


Each 
Transistor 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2919 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ chak [этш | ma [| те | ме | Om] 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(с = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 „Adc, Ic = 0) 

Collector Cutoff Current 


(Vcg = 45 Мас, Ip = 0) 
Emitter Cutoff Current 

(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 


(С = 0.1 mAdc, Vcg = 5.0 Vdc) MHQ2483 
мно2484 


(с = 1.0 mAdc, Vcg = 5.0 Мас) МНО2483 
MHQ2484 


(Ic = 10 mAdc, Vcg = 5.0 Vdc) MHQ2483 
MHQ2484 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 100 uAdc, Vcg = 5.0 Мас) 
(с = 10 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 „Адс, Vcg = 5.0 Мас, f = 20 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


Collector-Base Capacitance 


(Усв = 5.0 Мас, lg = 0, f = 100 kHz) 


Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rg = 10 kohms, MHQ2483 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) MHQ2484 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MHQ2906 
MHQ2907 
MPQ2906* 
MPQ2907* 


МНО2906, MHQ2907 
CASE 632-02, STYLE 1 


eu 


MPQ2906 
МРО2907 
CASE 646-05, STYLE 1 
TO-116 


e и 
QUAD 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 
Refer to MD2904 for graphs. 


MAXIMUM RATINGS 
Rating [зуњо] 
УсЕО 
60 

Emitter-Base Voltage 
600 

Transistor 


Total Device Dissipation Pp 0.65 
(à TA = 25°C 
Derate above 25°C 


Total 
Device 


MHQ2906, 
МНО2907 

МРО2906, 
MPQ2907 


Operating and Storage Junction 
Temperature Range MHQ2906,07 
MPQ2906,07 


3.72 
6.5 


—65to +200 
—55 to +125 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 
Collector-Base Breakdown Voltage (Ic = 10 uAdc, 
Emitter-Base Breakdown Voltage 
Collector Cutoff Current (Vcg = 30 Мас, ЈЕ = 0) 


(Vcg = 3.0 Мас, ЈЕ = 0) 


Emitter Cutoff Current 


(с = 10 mAdc, Ів = 0) 


ЧЕ = 10 џАдс, Ic = 0) 


V(BR)CEO 

V(BR)CBO 

V(BR)EBO 
ICBO 
ЈЕВО 


Е = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 10 Мас) 


(Ic = 150 mAdc, Vcg = 10 Мас) 


(с = 300 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, lg = 15 mAdc) 
(с = 300 mAdc, lg = 30 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, Ів = 15 mAdc) 
(Ic = 300 mAdc, Ів = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 


MHQ2906, MPQ2906 


МНО2907, MPQ2907 75 — — 
МНО2906, MPQ2906 40 — = 
МНО2907, МРО2907 100 — = 


MHQ2906, MPQ2906 
МНО2907, МРО2907 


VCE(sat) 


VBE(sat) 


(УВЕ = 2.0 Мас, Ic = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Ic = 150 mAdc, въ = 15 mAdc) 


Turn-Off Time 


(Усс = 6.0 Мас, lc = 150 mAdc, lg1 = 182 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


*MPQ2906A and МРО2907А also available. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


5-104 


MHQ2906, MHQ2907, MPQ2906, MPQ2907 


FIGURE 1 — DELAY AND RISE 
TIME TEST CIRCUIT 


INPUT 

20-500 

PRF = 150 PPS 
RISE TIME « 2.0 ns 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 


SMALL-SIGNAL DEVICES 


5-105 


INPUT 

Zo = 50:2 

PRF = 150 PPS 
RISE TIME < 2.0 us 


FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT 


+15 У -6.0 


TO OSCILLOSCOPE 
RISE TIME « 5.0 ns 


MOTOROLA SEMICONDUCTORS 


MHQ3467 


CASE 632-02, STYLE 1 


MAXIMUM RATINGS 
| Rating — — [Symbol Value || 
Collector-Emitter Voltage [uo | | 049 — | 


Collector-Base Voltage Усво 
Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Each Total 
Transistor Device 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 


PD 


0.9 
MEMORY DRIVER TRANSISTOR 5.14 


PNP SILICON 


а Тс = 25°С 6.3 Watts 
Derate above 25°C 36 ту//?С 
—55 to +200 | aC 


Refer to MD3467 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 = = Мас 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO — — Vdc 
(Ic = 10 uAdc, lg = 0) 
== — Мас 


Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
(IE = 10 џАдс, Ic = 0) 


Collector Cutoff Current ІСВО -- -- 200 пАсс 
(св = 30 Vdc, ЈЕ = 0) 
Emitter Cutoff Current ІЕВО пАсс 
(УВЕ = 3.0 Мас, Іс = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 500 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(с = 500 mAdc, Ів = 50 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) fT 125 190 — 

(с = 50 mAdc, Vcg = 10 Мас, = 100 MHz) 
Output Capacitance Cobo = рЕ 
(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance Cibo - 55 

(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(с = 500 mAdc, въ = 50 mAdc) 


Turn-Off Time 
(Ic = 500 mAdc, въ = Ів2 = 50 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-106 


MHQ3546 
MPQ3546 


MHQ3546 
CASE 632-02, STYLE 1 


MAXIMUM RATINGS 


| Collector вазе Voltage — | veso | 
[ Eminer-Base Уйде | veso | 


Total Device Dissipation 
@ Tp = 25°C 0.5 1.5 
Derate above 25°C 2.86 8.58 
4.0 1 


QUAD 


SWITCHING TRANSISTOR 
PNP SILICON 


Operating and Storage 
Junction —65 to +200 
Temperature Range —55 to +150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | тур | Mex | Unit | 
OFF CHARACTERISTICS ; 


Collector-Emitter Breakdown Voltage(1) (Іс = 10 mAdc, Ів = 0) V(BR)CEO | 2 | = | - | ме | 
Collector-Base Breakdown Voltage (Іс = 10 „Adc, ЈЕ = 0) V(BR)CBO | + | = [К | *- | 
Emitter-Base Breakdown Voltage (lp = 10 Абс, Ic = 0) ViBREBO | 45 | Vdc 


Collector Cutoff Current. (Vcg = 10 Vdc, ЈЕ = 0) ICBO же „Айс 
Emitter Cutoff Current (МВЕ = 3.0 Мас, Ic = 0) | ego | | — | uAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 
(Ic = 100 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 

(Усв = 10 Мас, Іс = 0, f = 1.0 MHz) 
Input Capacitance 

(УВЕ = 0.5 Мас, Іс = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 

(Усс = 2.0 Мас, VBE(off) = 3.0 Мас, 

Ic = 30 mAdc, въ = 1.5 mAdc) 


Turn-Off Time 
(Vcc = 2.0 Vdc, Iç = 30 mAdc, 
ІВ1 = ІВ2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


5-107 


MHQ3798 
MHQ3799 


MAXIMUM RATINGS 
| тай”  |Symbol| MHQ3798 | МНОЗ799 | Unit | 
Fa ERI ONE а = 
| Collector-Base Voltage | Vcgo | _ 80 |v 
г ст шшш чишик ишик я 
| Collector Current — Continuous | Current — Continuous | с | 5  |mA | 


Each Total 
Transistor Device 
Total Device Dissipation Watts 
@ TA = 25°C 0.5 1.5 mW/C 
Derate above 25°C 2.86 8.58 


Total Device Dissipation 
@ Tc = 25°C 


қ Ui Tem Watts 
- 1.0 mW^C 
Derate above 25°C 5.71 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Operating and Storage Junction TJ, Tstg —65 to +200 "C 
Temperature Range 
Refer to 2N3810 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
[Characteristic Тања | Mm | Tw | ми | Чи | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, Ів = 0) MHQ3798 
MHOQ3799 
Collector-Base Breakdown Voltage (Іс = 10 uAdc, lp = 0) V(BR)CBO BR ote ee = 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, lc = 0) V(BR)EBO а зава "үе шт Vdc 
Collector Cutoff Current. (Vcg = 50 Vdc, ЈЕ = 0) ево | = | 
Emitter Cutoff Current (УВЕ = 3.0 Мас, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
(Ic = 10 дАдс, Vcg = 5.0 Мас) MHQ3798 
MHQ3799 


(С = 100 дАдс, Vcg = 5.0 Мас) MHQ3798 
мноз799 


(С = 500 „Adc, Vcg = 5.0 Мас) мноз798 
MHQ3799 


10 mAdc, Vcg = 5.0 Мас) MHQ3798 
MHQ3799 


Collector-Emitter Saturation Voltage VCE(sat) 
(1с = 100 дАдс, Ів = 10 Аас) 
(с = 1.0 mAdc, IB = 100 Adc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 100 рАас, lg = 10 „Адс) 
(Ic = 1.0 mAdc, lg = 100 Adc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, Vcg = 5.0 Мас, = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


Noise Figure 
(с = 100 рАчс, Vcg = 10 Мас, Rg = 3.0 kohms, MHQ3798 
f = 10 Hz to 15.7 kHz) MHO3799 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-108 


MAXIMUM RATINGS 


Symbol | MHQ4001A | MHO4002A 


MHQ4001A 
MHQ4002A 


Collector-Emitter Voltage VCEO 40 a 5 | Vde 


Collector-Emitter Voltage 


Collector-Base Voltage 


VCES 60 Vdc 
60 


VcBo 


Emitter-Base Voltage 


Collector Current — Continuous 


Ic 


Transistor 


Total Device Dissipation 
а ТА = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(с = 10 mAdc, Ів = 0) MHQ4001A 


МНО4002А 


Collector-Emitter Breakdown Voltage 
(Ic = 10 „Adc, УВЕ = 0) MHQ4001A 


MHQ4002A 


Collector-Base Breakdown Voltage 
(Ic = 10 „Acdc, ЈЕ = 0) МНО4001А 


МНО4002А 


Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Іс = 0) 
Collector Cutoff Current 
(Vcg = 30 Мас, Ip = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain (Іс = 100 mAdc, Vcg = 1.0 Vdc) 


(с = 500 mAdc, VcE = 1.0 Vdc) 
(Ic = 1.0 Adc, Vcg = 5.0 Мас) 


(с = 100 mAdc, Ів = 10 mAdc) 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Аас, lg = 100 mAdc) 


Base-Emitter Saturation Voltage (lc = 100 mAdc, Ів = 10 mAdc) 
(Ic = 500 mAdc, lg = 50 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Vdc, lp = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Vdc, lc = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Ic 


Collector-Emitter Saturation Voltage 


0.5 Adc, УВЕ = 3.8 Мас, въ = 50 mAdc) 


Turn-Off Time 
(Усс = 30 Мас, Ic = 


0.5 Adc, |81 = !82 = 50 mAdc) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


CASE 632-02, STYLE 1 
TO-116 


MEMORY DRIVER TRANSISTOR 


NPN SILICON 


Refer to MD3725 for graphs. 


| Symbo | Min | тур | Mex | Unit | 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 
V(BR)EBO 
ICBO 


kai ER 
Б ыа 


SMALL-SIGNAL DEVICES 


5-109 


MOTOROLA SEMICONDUCTORS 


MHQ4013 MAXIMUM RATINGS 


MHQ4014 
CASE 632-02, STYLE 1 = vag 
ТО: m | va 


Four 
Transistors; 
Each Equal 
Transistor | Power 
Total Device Dissipation Pp 
QUAD @ TA = 25°C 750 2500 mW 
MEMORY DRIVER TRANSISTOR Derate above 25°C 4.3 14.3 mW/°C 
Total Device Dissipation Pp 
NPN SILICON @ Tc = 25°C 1.2. 4.0 Watts 
Derate above 25°C 6.86 22.8 mW/C 


Operating and Storage Junction TJ, Tstg —55 to +200 ° 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbo | Ма | Typ | Ma | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(с = 10 mAdc, Ів = 0) MHQ4013 
MHQ4014 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 дАдс, УВЕ = 0) MHQ4013 
MHQ4014 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 џАдс, ЈЕ = 0) MHQ4013 
MHQ4014 


Emitter-Base Breakdown Voltage (lg = 10 дАдс, Іс = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain (Іс = 100 mAdc, Vcg = 1.0 Мас) 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 Аас, Vcg = 5.0 Мас) 


Collector-Emitter Saturation Voltage (lc = 100 mAdc, lg = 10 mAdc) VCE(sat) 
(ІС = 500 mAdc, Ів = 50 mAdc) 
(с = 1.0 Adc, Ів = 100 mAdc) 
Base-Emitter Saturation Voltage (lc = 100 mAdc, lg = 10 mAdc) VBE(sat) 
(С = 500 тАас, IB = 50 mAdc) 
(Ic = 1.0 Аас, Ів = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 

(с = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 
Output Capacitance 

(Vcg = 10 Мас, ЈЕ = 0, f = 100 kHz) 
Input Capacitance 

(VBE = 0.5 Vde, Iç = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Іс = 0.5 Adc, VBE(off) = 3.8 Мас, въ = 50 mAdc) 


Refer to MD3725 for graphs. 


Turn-Off Time 
(Усс = 30 Мас, Іс = 0.5 Adc, въ = 182 = 50 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-110 


MHQ4013, MHQ4014 


FIGURE 1 — TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


Ti: 1.0 uF M +30 V 
Vin = +9.7 
PULSE GENERATOR TO SAMPLING 
ttf 10 ns 62 OSCILLOSCOPE 
oa қ е tr rp 
Duty Cycle = 2.0% = 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


5-111 


MHQ6001 
MHQ6002 


MAXIMUM RATINGS 
Rating Syme: | Со | 
Emitter-Base Voltage 
Collector Current — Continuous 


Each Total 
Transistor Device 
Total Device Dissipation Pp 
0.65 1.9 Watts 
3.72 10.88 mW^C 


@ TA = 25°C 

Derate above 25°C 
Watts 
mW^C 


CASE 632-02, TYPE 1 


COMPLEMENTARY TRANSISTOR 


NPN/PNP SILICON 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


1.3 
7.43 
—65 to +200 


Refer to МНО2222 for NPN graphs.* 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[| «әнші | Symbol | Mim | Тур | Мах | Ши | 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, Ів = 0) | Мввјсео | 3 | — | — [| ve | 
| Collector-Base Breakdown Voltage (Ic = 10uAdcle=0) — — — | Мвасво | 60 | — | — | ve | 
Emitter-Base Breakdown Voltage (lg = 10 дАдс, Іс = 0) | vereso | 59 | — | — | 

"сю Сюй Curent "Мен = вуна — (| kao | — | — | 


Emitter Cutoff Current (Уве = 3.0 Vdc, lc = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) MHQ6001 
MHQ6002 


(Ic = 10 mAdc, Vcg = 10 Vde) MHQ6001 
MHQ6002 


(Ic = 150 mAdc, Vcg = 10 Vdc) MHQ6001 
MHQ6002 


(Ic = 300 mAdc, Vcg = 10 Vdc) MHQ6001 
MHQ6002 


Collector-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) 
(Ic = 300 mAdc, lg = 30 mAdc) 


Base-Emitter Saturation Voltage(1) (lc = 150 mAdc, lg = 15 mAdc) 
(Ic = 300 mAdc, Ів = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) (с = 50 mAdc, УсЕ = 20 Мас, 
f = 100 kHz) 


Output Capacitance (Vcg = 10 Vdc, IE = 0, f = 100 kHz) ШЕШ 


Input Capacitance (Уве = 2.0 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time (Vcc = 30 Мас, Мве = 0.5 Мас, 
ІС = 150 mAdc, |81 = 15 mAdc) 


Turn-Off Time (Vcc = 30 Vdc, lc = 150 mAdc, 
ІВ1 = ІВ2 = 15 mAdc) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
*Refer to MHQ2907 for PNP graphs. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-112 


MHQ6100,A 


CASE 632-02, TYPE 2 


MAXIMUM RATINGS 
Rating 


COMPLEMENTARY PAIR 
TRANSISTOR 


NPN/PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to МНО2483 for NPN graphs. 
Refer to MHQ3798 for PNP graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x me — _ RM HE | ми | ши | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(С = 10 mAdc, Ів = 0) MHQ6100 
MHQ6100A 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 uAdc, lg = 0) 


Collector Cutoff Current 
(Vcg = 50 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 100 дАдс, Vcg = 5.0 Мас) MHQ6100 
MHQ6100A 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 


(Ic = 500 „Адс, Vcg = 5.0 Мас) MHQ6100 
MHQ6100A 


(lc = 1.0 тАдс, Vcg = 5.0 Мас) MHQ6100 
MHQ6100A 


10 mAdc, Vcg = 5.0 Мас) MHQ6100 
MHQ6100A 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 1.0 mAdc, Ів = 0.1 тАдс) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 500 „Adc, Vcg = 5.0 Мас, f = 20 MHz) 


Output Capacitance 


(Vcg = 5.0 Мас ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


5-113 


MPQ918 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD918 for graphs. 


MAXIMUM RATINGS 
—— ее  жш [waj 
| Emitter-Base Voltage |Уво 30 — | 


Emitter-Base Voltage 


Value Unit 


Collector Current — Continuous 


Four 
Transistors 
Equal Power 


Each 
Transistor 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


500 900 
4.0 72 
Total Device Dissipation Pp 
@ Tc = 25°C 6.7 2.4 
Derate above 25°C 0.825 19.2 
Operating and Storage Junction TJ, Tstg —55 to + 150 
Temperature Range 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 


Thermal Resistance Each Die °C/W 
Effective, °C/W 


Coupling Factors 


01-04 or 02-03 


01-02 ог Q3-04 


151 250 
4 Die 52 134 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (lc = 3.0 mAdc, lg = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (lc = 1.0 дАдс, ЈЕ = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (lg = 10 „Adc, Ic = 0) V(BR)EBO 3.0 


ICBO 


Collector Cutoff Current (Vcg = 
ON CHARACTERISTICS(1) 


DC Current бат (Іс = 0.1 mAdc, Vcg = 1.0 Мас) 
(с = 3.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 


(Ic = 10 mAdc, lg = 1.0 mAdc) 
Base-Emitter Saturation Voltage (lc = 10 mAdc, lg = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 4.0 mAdc, Vcg = 10 Vdc, 
f = 100 MHz) 


Output Capacitance (Vcg = 10 Vdc, lg = 0, f = 140 kHz) | Coo | — | 0% | w | pr | 
Input Capacitance (Уве = 0.5 Мас, Іс = 0, f = 140 kHz) | со | — | t: | 20 | р | 
Noise Figure (Ic = 1.0 mAdc, Vcg = 60 Удо, Rg = 400 Ohms, f = 60 MHz) ш ж [= | ла ы | | 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


15 Мас, ЈЕ = 0) 


hFE 


VCE(sat) 
VBE(sat 


H H 


Collector-Emitter Saturation Voltage 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-114 


MAXIMUM RATINGS 


| Rang [Symbol] __ Маме | 
| Collector-emitter Voltage | veo æ | 
[ColletorBase votas [veo] — 40 | 
Coane ий кыш 
Еасһ 


Transistor 


ЕГІН 


Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 


THERMAL CHARACTERISTICS 
Junction to 
Characteristic Case 


Thermal Resistance(1) Each Die 
Effective, 4 Die 


01-04 ог Q2-03 
01-02 ог 03-04 


1.0 
8.0 


Junction to 
Ambient 


Coupling Factors 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, lg = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Ic = 0) 
Collector Cutoff Current 
(Vcg = 30 Мас, ЈЕ = 0) 
Emitter Cutoff Current 
(МЕВ = 2.0 Мас, Іс = 0) 
ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
(Ic = 50 mAdc, Vcg = 10 Vdc) 
(Ic = 150 mAdc, МСЕ = 10 Мас) 


Collector-Emitter Saturation Voltage 
(С = 150 mAdc, lg = 15 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 150 mAdc, lg = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


V(BR)EBO 


(Vcg = 10 Мас ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Vdc, Іс = 0, = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


= — 


MPQ1000 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD2218 for graphs. 


| Symbo | Ма | тур | Mex | Unit | 


а all al Ha al 


is 


= Ее 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Rating  |Symbol| 
40 
Emitter-Base Voltage Pesol - _ eee 
Collector Current — Continuous > р-1 —-— — —1 


MPQ1500 


CASE 646-05, STYLE 1 
TO-116 


Four 
Each Transistors 
Transistor | Equal Power 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction —55 to +150 
Temperature Range 


QUAD 
THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 


Thermal Resistance(1) 
Each Die 193 
Effective, 4 Die 


Coupling Factor 
01-04 or Q2-03 
Q1-Q2 or Q3-04 


(1) Junction to ambient data applies for typical printed circuit board mounting. 


PNP SILICON 


Refer to MPQ2907 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbo | Min | Тур | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, в = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAde, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 џАдс, Ic = 0) 


Collector Cutoff Current ICBO 
(Усв = 30 Vdc, ЈЕ = 0) 


Emitter Cutoff Current ЕВО 
Мев = 2.0 Мас, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 10 mAdc, Vcg = 10 Мас) 
(с = 50 mAdc, Vcg = 10 Vdc) 
(ic = 150 mAdc, Vcg = 10 Мас) 


Collector-Emitter Saturation Voltage VCE(sat) — 0.22 Vdc 
(с = 150 mAdc, lg = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) — 0.89 Vdc 
(Ic = 150 mAdc, lg = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 20 mAdc, Vcg = 20 Мас, = 100 MHz) 


Output Capacitance 


(Vcg = 10 Мас lg = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 


MPQ2221, MPQ2222 For Specifications, See MHQ2221 Data. 
MPQ2369 For Specifications, See MHQ2369 Data. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


MPQ2483 
MPQ2484 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25'C(1) 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 6.7 


Operating and Storage Junction T Tstg —55 to +150 “С 
Temperature Range QUAD 


(1) Second Breakdown occurs at power levels greater than 3 times the power AMPLIFIER TRANSISTOR 
dissipation rating. 


NPN SILICON 
THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 250 °C/W 
Effective, 4 Die 134 °C/W 
Coupling Factors Q1-04 or Q2-03 34 70 % 
01-02 or Q3-04 2.0 26 % 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristic 7 | Symbol | Ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(с = 10 uAdc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 10 рАас, Ic = 0) 

Collector Cutoff Current ICBO = 
(VcB = 45 Vdc, lg = 0) 

Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Іс = 0) 


Refer to 2N2919 for graphs. 


ON CHARACTERISTICS 


DC Current Gain(2) 
(С = 0.1 mAdc, Vcg = 5.0 Мас) МРО2483 


MPQ2484 


5.0 Vdc) MPQ2483 150 
MPQ2484 


(Ic = 1.0 mAdc, VcE 


II 


(1С = 10 тАдс, Vcg = 5.0 Мас) MPQ2483 150 
MPQ2484 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage(2) VBE(sat) 
(Ic = 100 wAdc, Vcg = 5.0 Мас) 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 500 uAdc, Vcg = 5.0 Мас, f = 20 MHz) 


Input Capacitance 


(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPQ2483, MPQ2484 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbo | ми | 


Collector-Base Capacitance 
(Vcg = 5.0 Мас, IE = 0, = 100 kHz) 


Noise Figure 
(Ic = 10 дАдс, Vcg = 5.0 Мас, Rs = 10 kohms, MPQ2483 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) МРО2484 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MPQ2906, MPQ2907 For Specifications, See MHQ2906 Data. 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Symbol 
2 
25 
СЕР HW —. 


MPQ3303 


CASE 646-05, STYLE 1 
TO-116 


Four 
Each Transistors 


Transistor | Equal Power 
Total Device Dissipation 


mW 
mW/^C 
@ Tc = 25°C 


1.0 Watts 
Derate above 25°C 8.0 тМ//?С 
Operating and Storage Junction TJ, Tstg —55 to +150 °С. 
Temperature Range 
THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 125 °C/W 
Effective, 4 Die 41.6 °C/W 
01-04 ог Q2-03 % 
% 


01-02 ог ОЗ-04 
(1) ејд is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
| Symbo | Mim | Тур | Mex | Uni | 
OFF CHARACTERISTICS 
V(BRICEO 


Characteristic 
Collector-Emitter Breakdown Voltage c 
(Ic = 10 mAdc, lg = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, lg = 0) 


ЧЕ = 100 „Adc, Ic = 0) 

xac ТІ” 
(УСЕ = 15 Мас, УВЕ = 0) 

ON CHARACTERISTICS 

DC Current Gain 


(Ic = 100 mAdc, Vcg = 0.5 Vdc) 
(С = 300 mAdc, VCE = 0.5 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 300 mAdc, Ів = 30 mAdc) 
(Ic = 1.0 Аас, Ів = 0.1 Adc) 

Base-Emitter Saturation Voltage 
(Ic = 300 mAdc, Ів = 30 mAdc) 
(Ic = 1.0 Аас, Ів = 0.1 Adc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(Усв = 5.0 Мас, lg = 0, f = 1.0 MHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 12 Мас, Іс = 1.0 Adc, VBE(off) = 4.0 Мас, ІВ1 = 100 mAdc) 


Total Device Dissipation 
(à TA = 25°C 
Derate above 25°C 


QUAD 
SWITCHING TRANSISTOR 


NPN SILICON 


Coupling Factors 


Vd 


Turn-Off Time 
(Усс = 12 Мас, Іс = 1.0 Adc, въ = !82 = 100 mAdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPQ3467 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SILICON 


Refer to MD3467 for graphs. 


MAXIMUM RATINGS 


Total Device Dissipation 
@ Tp = 25°C(1) 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 


P 


| Raing [ты Маше — | Unit | 


Each 


Transistor 


Pp 
650 1500 
5.2 
D 


1.25 
10 


—55 to +150 


Four 
Transistors 
Equal Power 


12 
3.2 
25.6 


(1) Second Breakdown occurs at power levels greater than 2 times the power 


dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 


Coupling Factors 


Resc 
Junction to 
Case 

Each Die 
Effective, 4 Die 


01-04 or Q2-03 


R8JA 
Junction to 
Ambient 


193 °C/W 
83.2 °C/W 


Q1-Q2 or Q3-04 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symbo | Mim | Te | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 10 дАдс, Іс = 0) 


Collector Cutoff Current 
(Vcg = 30 Vdc, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(с = 500 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage(2) 
(с = 500 mAdc, Ів = 50 mAdc) 


Base-Emitter Saturation Voltage(2) 
(с = 500 mAdc, Ів = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(с = 500 mAdc, въ = 50 mAdc) 


V(BR)CEO 
V(BR)CBO 


V(BR)EBO 


VcE(sat) 


VBE(sat) 


Turn-Off Time 
(Ic = 500 mAdc, въ = Ів2 = 50 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPQ3546 For Specifications, See MHQ3546 Data. 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


MPQ3725,A 


CASE 646-05, STYLE 1 
TO-116 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


QUAD 
CORE DRIVER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


[characteristics —  [Symbo| — max — | Uni | 
Effective 
One For Four 
Transistor i 
Thermal Resistance, RaJA °C/W 
Junction to Ambient(1) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 


Refer to MD3725 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Mex | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 тАсс, Ів = 0) MPQ3725 40 -- 
MPQ3725A 50 — 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 џАдс, МВЕ = 0) MPQ3725 60 — 
MPQ3725A 70 — 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc 
(Ig = 10 „Adc, Ic = 0) 
Collector Cutoff Current IcBO — — иАдс 
(Усв = 40 Мас, ЈЕ = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain 
(с = 100 mAdc, Vcg = 1.0 Мас) МРОЗ725 
МРОЗ725А 
(Ic = 500 mAdc, МСЕ = 2.0 Мас) МРОЗ725 
МРОЗ725А 


Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage 
(ІС = 500 mAdc, Ів = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(С = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPQ3725 
MPQ3725A 


Output Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Іс = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPQ3725,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


р —» cb Waka |өте sa | m | we | Da] 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Іс = 500 mAdc, въ = 50 mAdc, Уве(он) = 3.8 Мас) 


Turn-Off Time 


(Ic = 500 mAdc, въ = Ір2 = 50 mAdc) 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


49.7 V 
| 1.0 ДЕ 
0 o- 


-3.8 V +30 V 
3 
152 
1.0 uF 
$10k %--1--5570 
43$ Sampling 
1 Oscilloscope 
100 ПА Zin >100к0 
– i) 1: <1.0 ns 


= 
Pulse Generator 62 
tr, Ч < 1.0 ns 


PW = 1.0 us = 
Zin = 502 
Duty Cycle < 2.0% 


» 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Collector-Emitter Voltage VcEO 40 Vdc 
Collector-Base Voltage Усво 40 Мас 


Emitter-Base Voltage VEBO 5.0 Vdc 


Collector Current — Continuous 
Four 
Each Transistors 
Transistor |Equal Power 
Total Device Dissipation 
@ TA = 25°C 750 1700 mW 
Derate above 25°C 5.98 13.6 mW/C 
Total Device Dissipation 
@ Tc = 25°C 1.25 Watts 
Derate above 25°C 10 mW^C 
Operating and Storage Junction TJ, Tstg —55 to +150 © 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance(1) Each Die 167 °C/W 
Effective, 4 Die 73.5 °C/W 
ыам iin 01.02 or 03-04 ЕНИ IS 
96 


01-02 ог 03-04 
(1) Вејд is measured with the device soldered into a typical printed circuit board. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Тур | Mex | Uni | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 


MPQ3762 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SILICON 


Refer to MD3467 for graphs. 


Collector Cutoff Current 
(Усв = 30 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
Мев = 3.0 Мас, Іс = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 150 mAdc, Vcg = 1.0 Vdc) 
(С = 500 mAdc, Vcg = 2.0 Мас) 65 
(Ic = 1.0 Adc, Vcg = 2.0 Мас) 35 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 500 mAdc, Ів = 50 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(с = 500 mAdc, Ів = 50 mAdc) 1.25 
(Ic = 1.0 Аас, lg = 100 тАдс) 1.4 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lc = 50 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, ЈЕ = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 0.5 Мас, Іс = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Усс = 30 Мас, Ic = 1.0 Аас, |81 = 100 mAdc, VBE(off) = 2.0 Мас) 


Turn-Off Time 
(Усс = 30 Мас, Іс = 1.0 Adc, "въ = Ів2 = 100 mAdc) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPQ3762 


FIGURE 1 — TURN-ON 


-30 V 
*2.0 V 


30 


-11.1 V 
PW = 200 ns 
Rise Time <2.0 ns 
Dc <2.0% 


MOTOROLA SEMICONDUCTORS 


EQUIVALENT TEST CIRCUITS 
FIGURE 2 — TURN-OFF 


Scope 


10 «14 < 500 us 
tə < 10 ns 
tg > 1.0 us 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

C Rag _______|буњи мер | weGsms | umi | 
Coles Гаво Гю | ө [we 
[соениёме е [veo | — 9 — [v 
Emmessmevouge | veso] — 50 — | vee | 
[Conector Current — Continous | i | — o mA 


Four 


Each Transistors 
Transistor |Equal Power 


0.9 Watt 
7.2 mW^C 
@ Tc = 25°C 


0.825 Watts 
Derate above 25°C 6.7 m^C 
Operating and Storage Junction Ty, Tstg —55 to +150 "C 
Temperature Range 


(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


Total Device Dissipation 
@ TA = 25'C(1) 
Derate above 25°C 


Total Device Dissipation 


THERMAL CHARACTERISTICS 


Вос РејА 
Junction to | Junction to 
Characteristic Case Ambient 


Each Die °C/W 

Effective, 4 Die °C/W 

01-04 or Q2-03 70 96 
26 96 


01-02 or 03-04 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Thermal Resistance 


Coupling Factors 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ів = 0) MPQ3798 


MPQ3799 


MPQ3798 
MPQ3799 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N3810 for graphs. 


ита | min | Tw | Me | ши | 


V(BR)CEO Vdc 
40 
60 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 10 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 10 uAdc, Ic = 0) 

Collector Cutoff Current ІСВО 
(Vcg = 50 Мас, ЈЕ = 0) 


Emitter Cutoff Current ЕВО 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 дАдс, VcE = 


MPQ3798 
MPQ3799 


5.0 Vdc) 


MPQ3798 
MPQ3799 


(Ic = 100 „Adc, Мсе = 5.0 Мас) 


MPQ3798 
MPQ3799 


(1С = 500 рАас, Vcg = 5.0 Мас) 


MPQ3798 
MPQ3799 


= 5.0 Мас) 


(Ic = 10 mAdc, VcE 


Collector-Emitter Saturation Voltage 
(Ic = 100 „Adc, Ів = 10 џАдс) 
(С = 1.0 mAdc, Ів = 100 џАдс) 

Base-Emitter Saturation Voltage 
(Ic = 100 „Adc, Ів = 10 џАдс) 
(с = 1.0 mAdc, Ів = 100 uAdc) 


= | = | = [= 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MPQ3798,99 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
[Characteristic | Symb! | Min | Typ | Mex | Unit | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Ic = 1.0 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 
Output Capacitance 

(Усв = 5.0 Мас, lp = 0, f = 100 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, lc = 0, f = 100 kHz) 


Noise Figure 
(Ic = 100 дАдс, Vcg = 10 Мас, Rs = 3.0 kohms, MPQ3798 
f = 10 Hz to 15.7 kHz) МРОЗ799 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


MPQ3904 


CASE 646-05, STYLE 1 
TO-116 


Four 
Transistors 


Equal Power 
Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


QUAD 
AMPLIFIER/SWITCHING 


THERMAL CHARACTERISTICS TRANSISTOR 


Junction to | Junction to NPN SILICON 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 °C/W 
Effective, 4 Die 5 139 °C/W 


Refer to 2N3904 for graphs. 
Coupling Factors Q1-Q4 or Q2-Q3 70 
Q1-Q2 or Q3-Q4 26 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [ Symbo | Min | Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(lc = 10 „Adc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
ЧЕ = 10 „Adc, Іс = 0) 

Collector Cutoff Current 
(Vcg = 40 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(УВЕ = 40 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcg = 1.0 Мас) 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(с = 10 mAdc, Vcg = 1.0 Vdc) 75 200 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Мас 
(с = 10 mAdc, Ів = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Усв = 5.0 Vdc, lg = 0, f = 140 kHz) 


Input Capacitance 
(УВЕ = 0.5 Мас, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mAdc, УВЕ = 0.5 Мас, въ = 1.0 mAdc) 


Turn-Off Time 
(с = 10 mAdc, въ = !82 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


C мә ‘| Symbol] мө [ше] 
[соесосЕтїшг опаде — | Veo | — 4 [№ | 
Гсойеаоъваве vonage — cao | — 4 [№ | 


MPQ3906 


CASE 646-05, STYLE 1 
TO-116 


Four 
Each Transistors 
Transistor |Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 
а Tc = 25°С 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Case Ambient 
Thermal Resistance Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 
Coupling Factors Q1-Q4 or Q2-Q3 70 % 
Q1-Q2 or O3-04 26 % 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Typ | Mex | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 дАдс, |с = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 10 дАдс, Ic = 0) 


QUAD 
AMPLIFIER/SWITCH TRANSISTOR 


PNP SILICON 


Refer to 2N3906 for graphs. 


Collector Cutoff Current ICBO 
(Vcg = 30 Мас, lg = 0) 


Emitter Cutoff Current ІЕВО — — nAdc 
(УВЕ = 4.0 Мас, Іс = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(с = 0.1 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(с = 10 mAdc, Vcg = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(с = 10 mAdc, lg = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(с = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 
Output Capacitance 

(Vcg = 5.0 Мас, lg = 0, f = 140 kHz) 
Input Capacitance 

(УВЕ = 0.5 Мас, Іс = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mAdc, VgE(off) = 0.5 Мас, въ = 1.0 mAdc) 


Turn-Off Time 
(Ic = 10 mAdc, въ = Ів2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width « 300 us, Duty Cycle « 2.0%. 
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MPQ3906 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


-3.0 V 


= 300 ns JT 
DUTY CYCLE - 2% ~ 


FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
улт < 1.0 ns —30V 


10<%4< 500 5 wan 
DUTY CYCLE = 2% t — 


*Total shunt capacitance of test jig and connectors 
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MPQ6001 
MPQ6002 


TYPE 1 


MPQ6501 
MPQ6502 


TYPE 2 


CASE 646-05 


14 
1 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SILICON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


ша әт 
collector Curent —Continvows — | ic | 


ІС 


Four 
Each Transistors 
Transistor | Equal Power 


Total Device Dissipation 
@ TA = 25'C(1) 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
Derate above 25°C 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


Total Device Dissipation 


Watts 


0.65 1.25 
mW/^/C 


@ Tc = 25°C Watts 
MPQ6001, MPQ6002, MPQ6501, 
МРО6502 1.0 3.0 

Derate above 25°C mW/°C 


MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


Operating and Storage Junction 
Temperature Range 


Т), Tstg —55 to +150 "C 


Characteristic 


Junction to 
Case 


Junction to 
Ambient 


Thermal Resistance 
Each Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 
Effective, 4 Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 


Coupling Factors 
MPQ6001, MPQ6002 


01-04 or 02-ОЗ MPQ6501, MPQ6502 


MPQ6001, MPQ6002 
MPQ6501, MPQ6502 


01-02 or 03-04 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


|_____________ ене | Symbot | ми | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Emitter Cutoff Current 
ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 1.0 mAdc, Vcg = 10 Мас) 


10 mAdc, Vcg = 10 Мас) 


(Ic 


150 mAdc, Vcg = 10 Мас) 


(Ic 


300 mAdc, VCE 


(Ic 10 Vdc) 


MOTOROLA SEMICONDUCTORS 


Collector-Emitter Breakdown Voltage(2) (Іс = 10 mAdc, IB = 0) Меввјсео | 30 | — | — | ve | 
Collector-Base Breakdown Voltage (lc = 10 „Adc, lg = 0) V(BR)CBO | — | - | ve | 
Emitter-Base Breakdown Voltage (lg = 10 „Адс, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcg = 50 Мас, ЈЕ = 0) 
(Veg = 3.0 Мас, Іс = 0) 


MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


MPQ6001, MPQ6501 
MPQ6002, MPQ6502 
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MPQ6001 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | 


Collector-Emitter Saturation Voltage(2) VCE(sat) 
(С = 150 mAdc, lg = 15 mAdc) 
(Ic = 300 mAdc, lg = 30 mAdc) 


Base-Emitter Saturation Voltage(2) VBE(sat) 
(Ic = 150 mAdc, Ів = 15 mAdc) 
(с = 300 mAdc, Ів = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) Mon 
20 
17 


(с = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Усв = 10 Мас, lp = 0, = 100 kHz) 


Input Capacitance 
Мев = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time 
(Усс = 30 Мас, УВЕ = 0.5 Мас, lc = 150 mAdc, 
lg1 = 15 тАабс, Figure 1) 
Turn-Off Time 
(Усс = 30 Vdc, lc = 150 mAdc, 
ІВ1 = ІВ2 = 15 mAdc) 
(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 
(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


NPN DATA 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 


| 


Tee] 


a 
== 
a] 


ПЕЕ, OC CURRENT GAIN (NORMALIZED) 


—- 200 300 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — "ON" VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS 

E 
> 
ка Е 
2 E 
е ш 
2 o 
E 5 
É B 
2 ш 
= = 
ps = 
a 
а 
УСЕ (sat) @ IC/IB = = 
0 ПП = ЕЕ нт ІНЕН = 

05 10 20 5.0 10 20 50 100 200 500 05 10 20 5.0 10 20 50 100 200 500 

1с, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (mA) 
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MPQ6001 


NOISE FIGURE 
(VcE = 10 Vdc, TA = 25°C) 
FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS 
10 
а ЙИН 
: [ШШ s 20 
g = ry 
ш 1С = 10 рА ы 50 
5 Rs, 43 КО 5 
m e 
Е В РА БА ШИ ОА ВИК НИВО ui 
z 2 40 
z 2 
ES 16 = 100 pA ш 
Rg = 1.0kQ 7i 
0 
01 02 05 10 20 50 10 20 50 100 01 02 05 10 20 50 10 20 50 100 
t, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (k OHMS) 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


MPQ6100 | MPQ6100A 
MPQ6600 | MPQ6600A 


_Усео | 40 | 45 | ме 


Collector Current — Continuous 


Transistor 
Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


6.7 


THERMAL CHARACTERISTICS 


Junctionto | Junction to 
Case Ambient 
151 °C/W 
52 °C/W 
34 70 % 
2.0 26 % 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Characteristic 


Thermal Resistance(1) Each Die 


Effective, 4 Die 


Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-04 


Coupling Factors 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MPQ6100,A TYPE 1 
MPQ6600,A TYPE 2 


CASE 646-05 
TO-116 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SILICON 
Refer to MHQ2483 for NPN Curves. 
Refer to МНОЗ798 for PNP Curves. 


x Characteristie | Symbi | Ма | тур | Mex | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ів = 0) 


V(BR)CEO 
MPQ6100,6600 


MPQ6100A,6600A 


Collector-Base Breakdown Voltage 
(Ic = 10 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 дАдс, Ic = 0) 


Collector Cutoff Current 
(Усв = 50 Мас, ЈЕ = 0) 


ОМ CHARACTERISTICS(2) 


DC Current бат 
(Ic = 100 uAdc, УСЕ = 


V(BR)CBO 


V(BR)EBO 


ІСВО 


5.0 Vdc) MPQ6100,6600 


MPQ6100A,6600A 


5.0 Vdc) MPQ6100,6600 


MPQ6100A,6600A 


(С = 500 иАас, VCE 


MPQ6100,6600 
MPQ6100A,6600A 


(Ic = 1.0 mAdc, VCE 


5.0 Vdc) 


(Ic = 10 mAdc, Vcg = 5.0 Vde) MPQ6100,6600 


MPQ6100A,6600A 


VCE(sat) 


Base-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, lg = 100 uAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 „Adc, Vcg = 5.0 Мас, f = 20 MHz) 


Output Capacitance 


(VcB = 5.0 Мас, ЈЕ = 0, = 100 kHz) 


SMALL-SIGNAL DEVICES 
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Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, lg = 100 џАдс) 
ке el os 


= Vde 
dc 


MOTOROLA SEMICONDUCTORS 


MPQ6100,A, MPQ6600,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | 


Input Capacitance 
(Уве = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Noise Figure 
(Ic = 100 дАдс, Vcg = 5.0 Мас, Rg = 10 kohms, 
f — 10 Hz to 15.7 kHz, BW — 10 kHz) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MPQ6426 
MPQ6427 


Collector-Emitter Voltage 
MPQ6426 
MPQ6427 


Collector-Base Voltage 
MPQ6426 


Усво 
MPQ6427 


Emitter-Base теневые оао чево | 102 — — | vé | 
| Collector Current — Continuous | Current — Continuous BETA пени г 


Four Die 
Each Die | Equal Power 
Total Device Dissipation 
@ TA = 25°C(1) 500 900 mW 
Derate above 25°C 4.0 7:2 тМ//?С 
Total Device Dissipation 
@ Tc = 25°C a 2400 mW 
Derate above 25°C 19.2 Pe | 
Operating and Storage Junction Ty, Tstg —55 to +150 
Temperature Range 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die °C/W 
Effective, 4 Die °C/W 
Coupling Factors 01-04 or Q2-03 70 96 
01-02 or 03-04 26 % 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) MPQ6426 
MPQ6427 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) MPQ6426 40 
MPQ6427 50 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 „Adc, Ic = 0) 
Collector Cutoff Current ІСВО 
(Vcg = 30 Мас, ЈЕ = 0) 
Emitter Cutoff Current 


(УВЕ = 10 Мас, Ic = 0) 
ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 5.0 Мас) 


(Ic = 100 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ів = 0.1 mAdc) 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPQ6426, MPQ6427 


NOISE CHARACTERISTICS 
(VcE = 5.0 Мас, TA = 25°C) 


FIGURE 1 — NOISE VOLTAGE 


en, NOISE VOLTAGE (nV) 


10 20 50 100 200 500 10k 20k 50k 10k 20k 50k 100k 
f, FREQUENCY (Hz) 


FIGURE 3 — TOTAL WIDEBAND NOISE VOLTAGE 


“ГГ 


BANDWIDTH = 


VT. TOTAL WIDEBAND NOISE VOLTAGE (nV) 


ІП. 20 5.0 10 20 50 100 200 500 1000 
Rs, SOURCE RESISTANCE (КО) 


in, NOISE CURRENT (pA) 


NF, NOISE FIGURE (dB) 


FIGURE 2 — NOISE CURRENT 


10 50 100 200 500 10k 20k 50k 10k 20k 50k 100k 
f, FREQUENCY (Hz) 


FIGURE 4 — WIDEBAND NOISE FIGURE 


СИГ ЕШ!!! ТЕЦ ЕЩЦ 
Ий X ЕРО ШИРЕ Т 
А X BANDWIDTH = 10 Hz to 15.7 kHz 


10 20 5.0 10 20 50 100 200 500 1000 
Rs, SOURCE RESISTANCE (kt) 


DYNAMIC CHARACTERISTICS 


FIGURE 5 — CAPACITANCE 


C, CAPACITANCE (pF) 


0.04 0.1 0.2 04 1.0 20 4.0 10 20 40 
Vg, REVERSE VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


5-136 


Име, SMALL-SIGNAL CURRENT GAIN 


FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 


T—7——T1— 


УсЕ= 50V 
f= 100 MHz | | 
Ty = 25°C 


0 2.0 0.5 10 20 50 100 200 500 
ic, COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Collector-Base Voltage VCBO 


Emitter-Base Voltage УЕВО mama Tw] 
Collector Current — Continuous — | ic | — 200 тай 


с 


MPQ6700 


CASE 646-05, TYPE 2 
TO-116 


Four 
Transistors 
Transistor | Equal Power 


Total Device Dissipation 
(à ТА = 25°С(1) 
Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 

QUAD 


Operating and Storage Junction —55 to +150 = 
рее, Напор COMPLEMENTARY PAIR 


(1) Second breakdown occurs at power levels greater than 3 times the power TRANSISTOR 
dissipation rating. 


4.0 


= 


PNP/NPN SILICON 
THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 °C/W 
Effective, 4 Die 52 °C/W 
Coupling Factors Q1-Q4 or Q2-Q3 70 % 
01-02 or 03-04 26 % 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | S | Ма | Ма | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, в = 0) 
Collector-Base Breakdown Voltage Vdc 

(с = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage 

(IE = 10 „Adc, Ic = 0) 
Collector Cutoff Current 

(Усв = 30 Мас, Іс = 0) 


Emitter Cutoff Current 
(МЕВ = 4.0 Мас, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(с = 0.1 mAdc, Vcg = 1.0 Мас) 
(с = 1.0 mAdc, Vcg = 1.0 Мас) 


(с = 10 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


50 
70 
Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


(Усв = 5.0 Мас, lg = 0, f = 100 kHz) 


Input Capacitance 
(VEB = 0.5 Vdc, lc = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPQ6700 


FIGURE 1 — DC CURRENT GAIN 


t—t 
УСЕ = 1.0V 
------Уг(Ез50У 


hee, DC CURRENT GAIN 
ПЕЕ, DC CURRENT GAIN 


А ІП [| | IEEE TS 
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ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — "ON" VOLTAGE 


V, VOLTAGE (VOLTS) 


V, VOLTAGE (VOLTS) 


| 
sat) € 1СЛв = 


02 0.5 10 20 5.0 10 20 50 100 200 
Іс. COLLECTOR CURRENT (mA) 


1.0 


Тј = 250C 


= ІСІН- 10 


је 


VBE(sat 


1. 1 
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Іс, COLLECTOR CURRENT (mA) 


FIGURE 3 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MPQ6700 


NPN 


PNP 


FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 5 — TURN-ON TIME 
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FIGURE 6 – TURN-OFF TIME 
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t, TIME (ns) 


30 
Ic, COLLECTOR CURRENT (mA) 
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MPQ6700 


NPN 


FIGURE 7 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


| Raing [битья 


Collector-Emitter Voltage УСЕО 


Collector-Base Voltage VcBo ЕЕЕ 


МР06842 


CASE 646-05, ТҮРЕ 2 
ТО-116 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Four 
Each Transistors 

Transistor | Equal Power 
@ Tp = 25°C(1) 


Pp 
500 900 
Derate above 25°C 4.0 7.2 mW/^C 
Total Device Dissipation Pp 
@ Tc = 25°C 825 2400 
Derate above 25°C 6.7 19.2 mW/^PC 
Operating and Storage Junction TJ, Tstg —55 to +150 G 
Temperature Range 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


Total Device Dissipation 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


Vdc 
mW 
mW 


THERMAL CHARACTERISTICS PNP/NPN SILICON 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 
Effective, 4 Die 5 


Coupling Factors Q1-Q4 or Q2-Q3 70 % 
Q1-Q2 or Q3-04 26 % 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | пута | м | тур | Me | Unit | 
OFF CHARACTERISTICS 

| Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, i8 =0 — — | Мвакко| 3 | — [| — | ve | 

| Collector-Base Breakdown Voltage (1с = 10 „Adc, Ie = 0 — [| Мввсво | 39 | — | — | ve | 

Emitter-Base Breakdown Voltage (lg = 10 „Адс, [С = 0) | Мвајево | 40 | — | — | ve | 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) 
Emitter Cutoff Current (Veg = 3.0 Vdc, lc = 0) 
ON CHARACTERISTICS(2) 


DC Current Gain (Іс = 0.5 mAdc, Vcg = 1.0 Мас) 
(с = 1.0 тАдс, Vcg = 1.0 Мас) 50 
(Ic = 10 mAdc, Vcg = 1.0 Мас) 70 


Collector-Emitter Saturation Voltage (lc = 0.5 mAdc, Ів = 0.05 mAdc, VCE(sat) 
0°C < T < 70°C) 


Base-Emitter Saturation Voltage (lc = 0.5 mAdc, lg = 0.05 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, Мсе = 20 Vdc, f = 100 MHz) 


Output Capacitance 


(Vcg = 5.0 Мас, |с = 0, f = 100 kHz) 


Input Capacitance 
Мев = 0.5 Vde, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS (TA = 25°C, Vcc = 5.0 Vdc) 


Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 


Rise Time tr ns 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time tf 10 
(4.7 V to 0.3 V, TP3 or TP4) 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — “ON” 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 5 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


Уве 


1 (74H08) 


SMALL-SIGNAL DEVICES 


+5 V 


©) ТРЗ NOTES: 
1, Unless otherwise noted, all resistors 
carbon composition М W +5%, all 
capacitors dipped mica +2%. 

. Use short interconnect wiring with 
good power and ground busses. 

. TP1 thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

. Device under test is MPQ6842. 

. 160 pF load does not include stray 
or scope probe capacitance. 

. Scope probe resistance > 5 КО. 
Scope probe capacitance < 10 pF. 

0.1 ИЕ Ceramic 


ТР1 ог ТР2 


50% 


ТРН. 
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MAXIMUM RATINGS 


00 
0 


MPQ7041 
MPQ7042 
MPQ7043 


ЕТТЕ 
СәйедесЕтіке vonage — | уско | 150 | 200 | 
|сопеаогВаве voltage | veso | 150 | 200 | 250 | Vé | 
ретте летене] 


500 


Four Die 
Equal Power 


CASE 646-05, STYLE 1 
TO-116 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction | Ty, Tstg 
Temperature Range 
QUAD THERMAL CHARACTERISTICS 


AMPLIFIER TRANSISTOR Junction to | Junction to 
Characteristic Case Ambient 
NPN SILICON Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 
Coupling Factors 01-04 or Q2-03 56 
01-02 or 03-04 10 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) MPQ7041 
MPQ7042 

MPQ7043 - 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 дАдс, Ip = 0) MPQ7041 — 
MPQ7042 -- 
MPQ7043 — 


Emitter-Base Breakdown Voltage V(BR)EBO 5.0 -- Vde 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 120 Мас, ТЕ MPQ7041 
(Усв = 150 Мас, Ip MPQ7042 
(Усв = 180 Мас, ЈЕ = 0) MPQ7043 


ON CHARACTERISTICS 


DC Current Gain 
(с = 1.0 mAdc, Vcg = 10 Мас) 
(Ic = 10 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, Vcg = 10 Мас) 


40 60 
40 80 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(с = 20 mAdc, Ів = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.7 Vdc 
(с = 20 mAdc, Ів = 2.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


—55 to +150 


Refer to MPQ7051 for graphs. 


hrE 


(Vcg = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 3.0 Мас, Ic = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS 


nating |Symbpol |UP07051 [мета | ратова Un | 
GsessrEmmerveuge | voro | 19 | ж | ж [vd 
Coletor Sase votage | veno | 160 | ж | 250 | vac | 
eem шр ы we 
[89 ела] 


Four Die 
Equal 
Each Die Power 
Total Device Dissipation 
@ TA = 25°C 750 1700 mW 
Derate above 25°C 5.98 13.6 mW/^/C 
Total Device Dissipation 
@ Tc = 25°C 1.25 Watts 
Derate above 25°C 10 Pe | 
Operating and Storage Junction | TJ, Теғ —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 100 167 °C/W 
Effective, 4 Die 39 73.5 °C/W 


Coupling Factors 01-04 ог Q2-03 
01-02 ог Q3-04 


MPQ7051 
MPQ7052 
MPQ7053 


CASE 646-05, TYPE 2 
TO-116 


QUAD 
COMPLIMENTARY PAIR 
TRANSISTOR 


NPN/PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Uni | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) MPQ7051 
MPQ7052 
MPQ7053 250 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) MPQ7051 150 
MPQ7052 200 
MPQ7053 250 


Emitter-Base Breakdown Voltage 
(IE = 100 „Adc, Ic = 0) 

Collector Cutoff Current 
(Vcg = 120 Мас, ЈЕ = 0) MPQ7051 
(Vcg = 150 Мас, ЈЕ = 0) MPQ7052 
(Vcg = 180 Мас, ЈЕ = 0) MPQ7053 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (lc = 1.0 mAdc, Vcg = 10 Vdc) 


(Ic = 10 mAdc, Vcg = 10 Мас) 
(с = 30 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 20 mAdc, IB = 2.0 mAdc) | Усвва) | — | 07 | vé | 
Base-Emitter Saturation Voltage (lc = 20 mAdc, Ів = 2.0 mAdc) | Veen | — | 09 | vé | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 


(Vcg = 20 Мас, Іс = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 3.0 Мас, Іс = 0, f = 1.0 MHz) 
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MPQ7051, MPQ7052, MPQ7053 


DC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 
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MAXIMUM RATINGS 
Rating 


MPQ7091 
MPQ7092 
MPQ7093 


CASE 646-05, STYLE 1 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 100 167 °C/W 
Effective, 4 Die 39 73.5 °C/W 
Coupling Factors 01-04 or 02-ОЗ % Refer to MPQ7051 for graphs. 
Q1-Q2 or Q3-04 % 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) МРО7091 
МРО7092 

МРО7093 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, ЈЕ = 0) MPQ7091 
МРО7092 

МРО7093 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 120 Мас, IE МРО7091 
(Мсв = 150 Мас, IE МРО7092 
(Усв = 180 Мас, lg = 0) MPQ7093 


Emitter Cutoff Current 
(УВЕ = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain (Ic = 1.0 mAdc, Vcg = 10 Vdc) 


(Ic = 10 mAdc, МСЕ = 10 Мас) 
(с = 30 mAdc, Vcg = 10 Vdc) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 10 mAdc, Vcg = 20 Мас, f = 100 MHz) 


Output Capacitance 
(Усв = 20 Мас, ЈЕ = 0, f = 1.0 MHz) 


Input Capacitance 
(МЕв = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 


MQ982 For Specifications, See MD982 Data. 
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РР» 


CASE 20-03 CASE 22-03 CASE 27-02 CASE 29-02 


TO-72 TO-18 TO-52 TO-92 


т 


CASE 632-02 
TO-92 TO-39 MACRO-X TO-116 


The data sheets on the following pages are designed to em- 
phasize those FET’s that by virtue of widespread industry use, 
ease of manufacture, and consequently low relative cost, merit 
first consideration for new equipment design. Package options 
from low-cost plastic to metal packages are available. 


CAUTION: 


Static electricity is a surface phenomenon which most com- 
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend an emphasizing 
note of cautiousness when handling and testing ANY FET prod- 
uct. Precautions include, but are not limited to, the implemen- 
tation of static safe workstations and proper handling techniques 
(see below). Additionally, itis very important to keep FET devices 
in their antistatic shipping containers and away from any static- 
generating materials. 


HANDLING CONSIDERATIONS: 


MOS Field-Effect Transistors, due to their extremely high input 
resistance, are subject to potential damage by the accumulation 
of excess static charge. To avoid possible damage to the devices 
while handling, testing, or in actual operation, the following pro- 
cedure should be followed: 

1. The leads of the devices should remain wrapped in the 
shorting spring except when being tested or in actual op- 
eration to avoid the build-up of static charge. 

2. Avoid unnecessary handling; when handled, the devices 
should be picked up by the can instead of the leads. 

3. The devices should not be inserted or removed from cir- 
cuits with the power on as transient voltages may cause 
permanent damage to the devices. 


Field-Effect 
Transistors 


2N2608 
2N2609 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating [| Symbo | Маше | Unit | 
| Drain-Source Voltage — (| Ур | æ | ve | 
| Drain-Gate Voltage |Ә | æ | ve | 
| Gate-Source Voltage | Vas | 30 | ме | 
D ER 44 ее ВАНИЕ MI m 


Total Device Dissipation @ TA = 25°C 300 
Derate above 25°C 1.7 en 


Storage Temperature Range —60 to + 2006 °С | 


JFET 


GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | Mex | Unt | 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(16 = 1.0 pA) 
Gate Reverse Current 1555 
(VGs = 5.0 V) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = -5.0 V, 16 = —1.0 мА) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -5.0 V, Vas = 0 V) 2N2608 
2N2609 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —5.0 V, f = 1.0 kHz) 2N2608 
2N2609 


Input Capacitance 
(Vps = -5.0 V, Vgs = 1.0 V, f = 140 kHz) 2N2608 
2N2609 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = -5.0 V, = 1.0 kHz, R = 1.0 meg) 
*Pulse Width = 100 msec., Duty Cycle = 10%. 
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2N2843 
2N2844 


CASE 22-03, STYLE 22 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 Characteristie | Symbo | ма | Me | Unt | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 30 Vdc 
(lg = 1.0 pA) 

Gate Reverse Current 
(VGs = 5.0 V) 

Gate Source Cutoff Voltage VGS(off) — 1.7 Vdc 
(Vps = -5.0 V, Ip = -1.0 uA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —5.0 V, f = 1.0 kHz) 


Input Capacitance 
(Vps = -5.0 V, VGs = 1.0 V, f = 140 kHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0 V, f = 1.0 kHz, RG = 1.0 meg) 
*Pulse Width < 630 ms, Duty Cycle = 10%. 
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2N3330 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
та, S Sma | Vse | Unit | 
| Drain-Gate Voltage | ме | æ | ve | 
peee Gae Sowee vouos Маа 2 | че | 

Total Device Dissipation @ Ta = 25°C HAE E j 

Derate above 25°C 1 7 mWw/°C 


Storage Temperature Range —65 to +200 БЕЙ 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[sme | Mm | мы [ Um | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(б = 10 дАдс, Vps = 0) 

Gate Reverse Current 1555 
(VGs = 10 Vdc, Vps = 0) 
(VGs = 10 Мас, Vps = 0, TA = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = -10 Мас, Vas = 0) 
Gate-Source Voltage 
(VDG = —15 Мас, 16 = 10 uAdc) 
Drain-Source Resistance 
(1р = 100 „Adc, VGs = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance(1) 
(Vps = -10 Мас, Ip = 2.0 mAdc, f = 1.0 kHz) 
(Vps = – 10 Vdc, Ip = 2.0 mAdc, f = 10 MHz) 


Output Admittance 
(Vps = - 10 Мас, Ip = 2.0 mAdc, f = 1.0 kHz) 


Input Conductance 
(Vps = —10 Мас, 1р = 2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = - 10 Vdc, VGs = 1.0 Мас, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0 Мас, Ip = 1.0 mAdc, RG = 1.0 Megohm, f = 1.0 kHz) 
(1) Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| Rating — [ды | 


JFET 
LOW-FREQUENCY 


P-CHANNEL — DEPLETION 


Gate-Source Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +200 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA — 25*C unless otherwise noted.) 


x  Cmaateist — —  À — [м | Me | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 10 pA) 
Gate Reverse Current 
(Vas = 10 V, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = -15V,lp = -10 дА) 


ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vps = -10 V, Vas = 0 V) 

Drain-Source Resistance 800 ohms 
(1р = —100 „A, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lyfsl* 4000 штНов 
(Vps = —10 V, Ip = —5.0 mA, f = 1.0 kHz) 

Output Admittance lYosl* штћоз 
(Vps = -10 V, Ip = —2.0 mA, f = 1.0 kHz) 

Forward Transfer Admittance Yfs* umhos 
(Vps = -10 V, Ip = —2.0 mA, f = 10 MHz) 


Input Capacitance 
(Vps = -10 V, Vas = 1.0 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = -5.0 V, Ір = —1.0 mA, Rg = 1.0 МО, f = 1.0 kHz) 
*Pulse Width = 300 us, Duty Cycle = 10%. 
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2N3436 
2N3437 
2N3438 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 
Rating 


Gate Current 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 


(Ig = 1.0 uA) 
Gate Reverse Current 
(Ves = -30 V) 


Gate Source Cutoff Voltage 
(Vps = 20 V, Ip = 1.0 nA) 


Gate Source Voltage 
(Vps = 20 V, Ip = 1.0 uA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) 


2N3436 
2N3437 
2N3438 


2N3436 
2N3437 
2N3438 


2N3436 
2N3437 
2N3438 


V(BR)GSS 
1555 


VGS(off) 


Symbol 
— 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 V, f = 1.0 kHz) 


Output Admittance 
(Vps = 30 V, f = 1.0 kHz) 


Input Capacitance 

(Vps = 10 V) 

(Vps = 6.0 V) 

(Vps = 4.0 V, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 


Noise Figure 


2N3436 
2N3437 
2N3438 


2N3436 
2N3437 
2N3438 


2N3436 
2N3437 
2N3438 


(Vps = 10 V, RG = 1.0 то, f = 1.0 kHz) 
*Pulse Width = 630 msec, Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


2N3458 
2N3459 
2N3460 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


[ту [ma [Vee | ww | 
БЕ 70 ББ | 


Drain-Gate Voltage 


VpG Vdc 
Gate-Source Voltage | Vas | s | м | 
| Gate Curren — 1а) 0 | па | 


Total Device Dissipation @ TA = 25°C 300 mW 
Derate above 25°C 1.7 mW/°C 


Storage Temperature Range —65 to +200 


JFET 
LOW-FREQUENCY/ 
LOW NOISE 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


———!)EE.- A — — ë ë | sma | | њи [= 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
Па = 1.0 ДА) 


Gate Reverse Current 
(Ves = -30 У) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 20, Ip = 1.0 pA) 2N3458 
2N3459 

2N3460 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 20 Volts) 2N3458 
2N3459 
2N3460 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 Volts, f = 1.0 kHz) 2N3458 
2N3459 
2N3460 


Output Admittance 
(Vps = 30 Volts, f = 1.0 kHz) 2N3458 
2N3459 
2N3460 


Input Capacitance 
(Vps = 10 V) 


Output Capacitance 
(Vps = 30 V) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 10 V, f = 20 Hz, Rg = 1.0 MQ) 2N3458 


2N3459 
2N3460 


*Pulse Width < 100 msec, Duty Cycle = 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N3796 
2N3797 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Drain-Source Voltage 


2N3796 
2N3797 


Gate-Source Voltage 


Drain Current 


MOSFET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 


Storage Channel Temperature Range Теа 
ELECTRICAL CHARACTERISTICS (Тд = 25°C unless otherwise noted.) 


| Characteristic | Symbol | ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = -4.0 V, Ip = 5.0 uA) 2N3796 
(VGs = -7.0 V, Ip = 5.0 uA) 2N3797 


Gate Reverse Current(1) 
(VGs = -10 V, Vps = 0) 
(VGs = – 10 V, Vps = 0, TA = 150°C) 
Gate Source Cutoff Voltage 
(1р = 0.5 нА, Vps = 10 V) 2N3796 
(1р = 2.0 uA, Vps = 10 V) 2N3797 


Drain-Gate Reverse Current(1) 
(Урс = 10 V, Is = 0) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 


(Vps = 10 V, Vas = 0) 2N3796 
2N3797 


On-State Drain Current 
(Vps = 10 V, Vas = «3.5 V) 2N3796 
2N3797 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, Vas = 0, f = 1.0 kHz) 2N3796 
2N3797 


(Vps = 10 V, VGs = 0, f = 1.0 MHz) 2N3796 
2N3797 


Output Admittance 
(Vps = 10 V, Vas = 0, f = 1.0 kHz) 2N3796 
2N3797 


Input Capacitance 
(Vps = 10 V, Vas = 0, f = 1.0 MHz) 2N3796 
2N3797 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 10 V, Vas = 0, Е = 1.0 kHz, Rg = 3 megohms) 


(1) This value of current includes both the FET leakage current as well as the leakage current associated with the test socket and fixture 
when measured under best attainable conditions. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-8 


2N3796, 2N3797 


Ip, DRAIN CURRENT (mA) 


Ves, САТЕ - SOURCE VOLTAGE (VOLTS) 


"o2 008 005 01 


TYPICAL DRAIN CHARACTERISTICS 


FIGURE 1 — 2N3796 


0 2 4 6 8 10 12 M 16 18 20 22 24 26 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (mA) 


FIGURE 2 — 2N3797 


6 8 10 12 14 16 18 20 
Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 


0 2 4 


COMMON SOURCE TRANSFER CHARACTERISTICS 


FIGURE 3— 2N3796 
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SMALL-SIGNAL DEVICES 


Ves. GATE- SOURCE VOLTAGE (VOLTS) 
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FIGURE 4— 2N3797 


Vos = 10V 
TA = 25°С 


ЕЕН n 

1 

ШОЕ ТШЩ 
CoC 


“оса 0.08 0.05 01 0203 05 10 2030 50 10 20 
Ip, DRAIN CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


2N3796, 2N3797 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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FIGURE 7 — NOISE FIGURE 
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NF, NOISE FIGURE (dB) 


0.1 03 0507 10 20 30 5070 10 20 30 
Rs, SOURCE RESISTANCE (megohms) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


туу | ses | 


š Vps 
Drain-Gate Voltage 
Gate-Source Voltage 


ЕСТІГЕННЕН | 
Total Device Dissipation (а TA = 25°C ШЕЛ 


Derate above 25°C 


Drain-Source Voltage | vos | 50 Vdc 
| в | vd 


Junction Temperature Range 
Storage Temperature Range – 651 


2N3821 
2N3822 
2N3824 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


-50 Vdc 

10 mAdc JFET 

300 mW LOW FREQUENCY, LOW NOISE 
2.0 пре: 


N-CHANNEL — DEPLETION 
JAN 2N3821 AND JAN 2N3822 AVAILABLE 


75 
o +200 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


222 Characteristie | Symbo | Min | Mex | Unt | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(Ig = —1.0 „Adc, Vps = 0) 


Gate Reverse Current 
(Vas = -30 Мас, Vps = 0) 
(VGs = -30 Мас, Vps = 0, TA = 150°C) 


Gate Source Cutoff Voltage 
(Ip = 0.5 nAdc, Vps = 15 Vdc) 


Gate Source Voltage 
(Ip = 50 рАас, Vps = 15 Vdc) 
(1р = 200 рАас, Vps = 15 Мас) 


Drain Cutoff Current 
(Vps = 15 Мас, Vas = -8.0 Мас) 
(Vps = 15 Мас, Vas = -8.0 Мас, TA = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Мас, VGs = 0) 


Static Drain-Source On Resistance 


2N3821 
2N3822 


2N3821 
2N3822 


2N3824 
2N3824 


2N3821 
2N3822 


2N3824 


(Vas = 0, Ip = 0,f = 1.0 kHz) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz)(1) 


(Vps = 15 Мас, VGs = 0, f = 100 MHz) 


Output Admittance(1) 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


(VGs = -8.0 Vdc, Vps = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 


2N3821 
2N3822 


2N3821 
2N3822 


2N3821 
2N3822 


2N3821 
2N3822 


2N3824 


MOTOROLA SEMICONDUCTORS 


6-11 


2N3821, 2N3822, 2N3824 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = 15 Мас, VGs = 0, Rs = 1.0 megohm, 2N3821, 2N3822 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


Equivalent Input Noise Voltage nv/Hz¥2 
(Vps = 15 Vdc, VGs = 0, f = 10 Hz, 2N3821, 2N3822 
Noise Bandwidth = 5.0 Hz) 


(1) Pulse Test: Pulse Width « 100 ms, Duty Cycle < 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


30 Vdc 


Drain-Gate Voltage 


Gate-Source Voltage 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Junction Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
Па = —1.0 „Adc, Vps = 0) 

Gate Reverse Current 
(VGs = - 20 Мас, Vps 
(VGs = -20 Мас, Vps 


Gate Source Cutoff Voltage 
(Ip = 0.5 nAdc, Vps = 15 Vdc) 


Gate Source Voltage 
(Ip = 0.4 mAdc, Vps = 15 Мас) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, Мав = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz)(1) 
(Vps = 15 Мас, Vas = 0, f = 200 MHz) 


Input Admittance 
(Vps = 15 Vdc, VGs = 0, f = 200 MHz) 


Output Conductance 
(Vps = 15 Vdc, Vas 
(Vps = 15 Vdc, VGS 


Input Capacitance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, Vas = 0, Rs = 1000 ohms, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle « 10%. 


0) 
0, TA = 150°C) 


N | 


, f = 1.0 kHz)(1) 
f= 


0 
0, 200 MHz) 


SMALL-SIGNAL DEVICES 
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2N3823 


JAN, JANTX AVAILABLE 
CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


V(BR)GSS -30 = Vdc 
IGSS nAdc 
— -0.5 
— — 500 
VGS(off) — —8.0 Vdc 
VGS =1.0 -7.5 Vdc 


MOTOROLA SEMICONDUCTORS 


2N3909,A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
| Rang — | Symbol | 
[резаные — | ve |  -2 | 
| Reverse Gate-Source Voltage | Ман | _ 20 | № 
| Forward Gate Current —  — — — | ве | — 10 | masc | 
Forward Gate-Source Voltage | Vesp | 20 | Vd | 


Total Device Dissipation (а TA = 25°C mW 
Derate above 25°C mW^C 


Storage Temperature Range —65 to +200 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) (1) 


Character вы | mn | We | Unit] 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 дАдс, Vps = 0) 

Gate Reverse Current 
(Vas = 10 Мас, Vps = 0) 
(Vas = 10 Мас, Vps = 0, ТА = 100°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = -10 Мас, Ip = 10 „Адс) 2N3909 
2N3909A 


Gate Source Voltage VGS 
(Vps = —10 Vdc, Ip = 30 Adc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 
(Vps = -10 Vdc, Vas = 0) 2N3909 
2N3909A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(2) 
(Vps = -10 Мас, Vas = 0, f = 1.0 kHz) 2N3909 
2N3909A 


(Vps = —10 Vdc, Vas = 0, f = 10 MHz) 2N3909 
2N3909A 


Output Admittance 


(Vps = - 10 Vdc, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = - 10 Мас, Vas = 0, f = 1.0 MHz) 2N3909 
2N3909A 


Reverse Transfer Capacitance 
(Vps = —10 Мас, VGs = 0, f = 1.0 MHz) 2N3909 
2N3909A 


(1) The fourth lead (case) is connected to the source for all measurements. 
(2) Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3966 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


[Rating — | Sm | Value | Unt | 
Drain-Source Voltage kk ae 
Drain-Gate Voltage | vc | 3 | Vdc 

Ves | æ | 


Gate-Source Voltage | Ves | 
Gate Current | ю | 
Total Device Dissipation @ Ta = 25°C 300 mW 
Derate above 25°C (Free Air) 1.71 мууес 
Lead Temperature 
(1/16" from Case for 10 Seconds) 
Storage Temperature Range 


JFET 
HIGH-FREQUENCY AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 uA, Vps = 0) 

Gate Reverse Current 
(VGs = 20 V, Vps = 0) 


Drain Cutoff Current 
(Vps = 10 V, Vas = -7.0 V, Ta = 150°C) 


Gate Source Cutoff Voltage 
(Ip = 10 nA, Vps = 10 V) 


ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current mA 
(Vps = 20 V, Vas = 0) 

Drain-Source "ON" Voltage VpS(on) Vdc 
(1р = 1.0 mA, VGs = 0 V) 

Drain Reverse Current 


(VpG = 20 V, 16 = 0 A) (25°C) 
(150°C) 


Static Drain-Source On Resistance 
(Vas = 0 V, Ip = 0, f = 1.0 kHz) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 20 V, Vas = 0 V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0 V, Vas = 7.0 V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 
Delay Time (See Figure 1) 


Rise Time (See Figure 1) 
Turn-Off Time (See Figure 1) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3970 
2N3971 
2N3972 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Ма | Мах | Unt | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage (с = 1.0 дАдс, VGs = 0 V(BR)GSS [аб |- = | за 
Gate Reverse Current (Vas = 20 Vdc, Vps = 0) | сз | — | 25 | pad | 


Drain Reverse Current (VpG = 20 Мас, 1$ = 0) pAdc 
(VpG = 20 Мас, 15 = 0, Ta = 150°C) nAdc 

Drain Cutoff Current (Vps = 20 Мас, Vas = - 12 Мас) 
(Vps = 20 Мас, Vas = —12 Мас, Ta = 150°C) 


Gate Source Voltage (Vps = 20 Мас, Ip = 1.0 nAdc) 2N3970 
2N3971 
2N3972 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) (Vps = 20 Vdc, VGs = 0 2N3970 
2N3971 
2N3972 


Drain-Source On-Voltage (lp = 20 mAdc, VGs = 0) 2N3970 VDS(on) 
(Ip = 10 mAdc, Vas = 0) 2N3971 
(Ip = 5.0 mAdc, Vas = 0) 2N3972 
Static Drain-Source On Resistance (lp = 1.0 mAdc, VGs = 0 2N3970 TDS(on) 


2N3971 
2N3972 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance (Уб5 = 0, Ip = 0, f = 1.0 kHz) 2N3970 гаѕ(оп) 
233971 
2N3972 

Input Capacitance (Vps = 20 Мас, VGs = 0,1 = 1.0 MHz) 

Reverse Transfer Capacitance (Vps = 0, Vas = — 12 Мас, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 


Turn-On Test Condition for 2N3970: 
Delay Time (Уро = 10 Vdc, VGs(on) = 0, 2N3970 
(оп) = 20 mAdc, VGS(off) = 10 Мас) 2N3971 
2N3972 


Test Condition for 2N3971: 
Rise Time (Vpp = 10 Мас, VGS(on) = 0, 2N3970 


Ір(оп) = 10 mAdc, VGs(on) = 5.0 Мас) en 


Test Condition for 2N3972: 
Turn-Off Time (Vpp = 10 Мас, VaS(on) = 0, 2N3970 
Ір(оп) = 5.0 mAdc, Ус<(он) = 3.0 Vdc) 2N3971 
2N3972 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 3.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N3993,A 
2N3994,A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


OOO те, ыы 
M =" 


Drain-Gate Voltage OO 
Reverse Gate-Source Voltage VGSR | ж | ve | 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


Forward Gate Current | ie | 
Total Device Dissipation @ TA = 25°C | | 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic — —  — | Зутво | м | Mex | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 рАдс, Vps = 0) 


Drain Reverse Current 
(VDG = -15 Мас, 16 = 0) nAdc 
(VDG = -15 Мас, ls = 0, Ta = 150°C) pAdc 
Drain Cutoff Current 
(Vps = - 10 Мас, Vas = 10 Мас) 2N3993, 2N3993A nAdc 
(Vps = - 10 Мас, Vas = 6.0 Мас) 2N3994, 2N3994A 
(Vps = – 10 Мас, VGs = 10 Мас, TA = 150°) 2N3993, 2N3993A uAdc 
(Vps = -10 Мас, Vas = 6.0 Мас, TA = 150°) 2N3994, 2N3994A 


Gate Source Voltage Vdc 
(Vps = -10 Мас, Ip = - 1.0 дАдс) 2N3993, 2N3993A 
2N3994, 2N3994A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = - 10 Мас, VGs = 0) 2N3993, 2N3993A 
2N3994, 2N3994A 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2N3993, 2N3993A 
2N3994, 2N3994A 


Forward Transfer Admittance(1) 

(Vps = - 10 Мас, Vas = 0, f = 1.0 kHz) 2N3993 
2N3993A 
2N3994 
2N3994A 


Input Capacitance 
(Vps = - 10 Мас, VGs = 0, f = 1.0 MHz) 2N3993, 2N3994 
2N3993A, 2N3994A 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 10 Мас, f = 1.0 MHz) 2N3993 
2N3993A 


(Vps = 0, Vas = 6.0 Мас, f = 1.0 MHz) 2N3994 
2N3994A 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N4091 
2N4092 
2N4093 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating Symbol 


| Vale | Unt | 
| Drain-Source Voltage | vws | æ | Vc | 
| Drain-GateVoltage | Yws | æ | № | 
| Gate-Source Voltage | Vas | æ | ve | 
[Gate Current | ла | то | masc | 


Total Device Dissipation @ Ta = 25°C Watts 
Derate above 25°C mW^/C 
Junction Temperature Range -65 to +175 

Storage Temperature Range —65 to +175 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Ig = 1.0 дАдс, Vps = 0) 

Drain-Gate Breakdown Voltage 
(Ip = 1.0 дАдс, Is = 0) 


Gate Source Cutoff Voltage 
(Vps = 20 Мас, Ip = 1.0 nAdc) 


V(BR)GSS 


V(BR)DGO 


2N4091 
2N4092 
2N4093 


Source Reverse Current 
(VsG = 20 Vdc, Ip = 0) 


Drain Reverse Current 

(VpG = 20 Мас, Is = 0) 

(VpG = 20 Мас, Ip = 0, Ta = 150°C) 
Drain-Cutoff Current 


(Vps = 20 Мас, Vas 
(Vps = 20 Мас, Vas 


12 Vdc) 
8.0 Vdc) 


2N4091 
2N4092 


(Vps = 20 Мас, Vas 
(Vps = 20 Vdc, Vas 
(Vps = 20 Vdc, Vas 
(Vps = 20 Vdc, Ves 


6.0 Vdc) 

12 Vdc, Ta = 150°C) 
8.0 Vdc, Ta = 150°C) 
6.0 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 20 Vdc, Vas = 0) 


Drain-Source On-Voltage 
(Ip = 6.6 mAdc, Vas = 0) 
(Ip = 4.0 тАдс, Vas = 0) 
(1р = 2.5 mAdc, VGs = 0) 


Static Drain-Source On Resistance 
(Ip = 1.0 тАдс, VGs = 0) 


MOTOROLA SEMICONDUCTORS 


2N4093 
2N4091 
2N4092 
2N4093 


2N4091 
2N4092 
2N4093 


2N4091 
2N4092 
2N4093 
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30 
15 
8.0 
с ЕРІ 


TDS(on) 
30 
50 
80 


SMALL-SIGNAL DEVICES 


2N4091, 2N4092, 2N4093 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| ое | Symb! | м | Me | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2N4091 
2N4092 
2N4093 


Input Capacitance 
(Vps = 20 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 20 Мас, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 


(Ip(on) = 6.6 mAdc) 2N4091 
(ID(on) = 4.0 mAdc) 2N4092 
(ID(on) = 2.5 mAdc) 2N4093 


Rise Time (See Figure 1) 
(роп) = 6.6 mAdc) 2N4091 
(ID(on) = 4.0 mAdc) 2N4092 
(ID(on) = 2.5 mAdc) 2N4093 


Turn-Off Time (See Figure 1) 
(VGS(off) = 12 Мас) 2N4091 
(VGS(off) = 8.0 Мас) 2N4092 
(Мс<(он) = 6.0 Мас) 2N4093 


*Pulse Test: Pulse Width = 300 us, Duty Cycle = 3.0%. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


VGS(on) = 0 iD 
INPUT WAVEFORM 
50% 
tr= tfe 1.0 ns 


TEKTRONIX 


SKL MODEL 561 
503A 


SAMPLING inia 
OR EQUIV SCOPE D(on) 


OR EQUIVALENT 


TEE 


0.20 V MAX 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4117,A 
2N4118,A 
2N4119,A 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
Rating [| 
[penses vonage ЧИ -% | 
[pemGwevote — | Vos | œ | 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Lead Temperature 
(1/16" from case for 10 s) 


JFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Character [sms [ме [Max | ww | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —1.0 дАдс, Vps = 0) 
Gate Reverse Current 


(VGs = 20 Мас, Vps = 0) 2N4117,4118,4119 
2N4117A,4118A,4119A 


(VGs = 20 Мас, Vps = 0, Ta = 150°C) 2N4117,4118,4119 
2N4117A,4118A,4119A 


Gate Source Cutoff Voltage VGS(off) 
(1р = 1.0 nAdc, Vps = 10 Мас) 2N4117,A 
2N4118,A 

2N4119,A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 Vdc, Vas = 0) 2N4117,A 
2N4118,A 
2N4119,A 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 10 Vdc, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Мас, VGs = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 10 Vdc, VGs = 0, f = 1.0 kHz) 2N4117,A 
2N4118,A 
2N4119,A 


Output Conductance 
(Vps = 10 Мас, Vas = 0, f = 1.0 kHz) 2N4117,A 
2N4118,A 
2N4119,A 


(1) Ipss is measured during a 2.0-ms interval 100 ms after power is applied. (NOT а ЈЕРЕС condition.) 
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2N4117,A, 2N4118,A, 2N4119,A 


FIGURE 1 — TRANSFER CHARACTERISTICS FIGURE 2 — TRANSCONDUCTANCE CHARACTERISTICS 


Vps = 10 Vac 


Ip, DRAIN CURRENT (uA) 


9, FORWARD TRANSCONDUCTANCE (umhos) 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) Vgs. БАТЕ SOURCE VOLTAGE (VOLTS) 
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2N4220 
thru 
2N4222 


2N4220,A 
thru 
2М4222,А 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Drain-Source Voltage = UAE = 
Drain-Gate Voltage ње 


r |а 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 2 
Junction Temperature Range 


Storage Channel Temperature Range —65 to +200 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ cab [ Sma | Wm | ne | We | Um | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS -30 — — Vdc 
(IG = —10 „Adc, Vps = 0) 
Gate Reverse Current IGSS nAdc 
(Мс = -15 Мас, Vps = 0) а: “а —0.1 
(Ves = —15 Мас, Vps = 0, TA = 150°C) === - — 100 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Ip = 0.1 nAdc, Vps = 15 Vdc) 2N4220,A — — -4 
2N4221,A = = -6 
2N4222,A = = -8 
Gate Source Voltage VGS Vdc 
(1р = 50 „Adc, Vps = 15 Мас) 2N4220,A -0.5 -- — 2.5 
(1р = 200 рАас, Vps = 15 Мас) 2N4221,A -1.0 — —5.0 
(1р = 500 „Адс, Vps = 15 Мас) 2N4222,A — 2.0 — —6.0 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Мас, Vas = 0) 2N4220,A 
2N4221,A 
2N4222,A 


Static Drain-Source On Resistance TDS(on) 
(Vps = 0, Vas = 0) 2N4220,A 
2N4221,A 

2N4222,A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 2N4220,A 
2N4221,A 
2N4222,A 


Output Admittance Common Source 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz) 2N4220,A 
2N4221,A 
2N4222,A 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Vas = 0,1 = 1.0 MHz) 


Common-Source Output Capacitance 
(Vps = 15 Мас, Vas = 0, f = 30 MHz) 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


—— UIT | ања | [тә [мы | ои | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, VGs = 0, Rs = 1.0 megohm, 2N4220A 


f = 100 Hz) 2N4221A 
2N4222A 


*Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 


FIGURE 1 — NOISE FIGURE versus FREQUENCY FIGURE 2 — NOISE FIGURE versus SOURCE RESISTANCE 


Ц 
ШІ ШЕШЕ ООН 
У ДУШЕ N ELIT 
ШШ 
ШР ЫШ ШШ 
ШШ [HUE О ЇЇ! 


ШЕРҮ 
k | 
МОТА a 
ІШІЗШ ШІГІП 
UR ВИНО Мико am 
01 0.1 1 1 100 


0 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 


f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (Megohms) 
FIGURE 3 — TYPICAL DRAIN CHARACTERISTICS FIGURE 4 — COMMON SOURCE TRANSFER CHARACTERISTICS 
VaS(off) = -1.2 VOLTS VaS(off) = -1.2 VOLTS 


Ip, DRAIN CURRENT (mA) 


Ip, DRAIN CURRENT (mA) 


Vos, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 


Ip, DRAIN CURRENT (mA) 


То, DRAIN CURRENT (mA) 


FIGURE 5 — TYPICAL DRAIN CHARACTERISTICS 
VaS(off) = -3.5 VOLTS 


Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 7 — TYPICAL DRAIN CHARACTERISTICS 
Ув$(он) = -5.8 VOLTS 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


NOTES: 


| 


Ip, DRAIN CURRENT (mA) 


Vos =15V 


Ip, DRAIN CURRENT (mA) 


Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). Under dc conditions, self heating in higher 1055 units re- 
duces Ipss (See Figure 10). 


. Figures 8, 9, 10: Data taken in a standard printed circuit with a 


TO-18 type socket mounting and 1/4" lead length. 
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FIGURE 6 — COMMON SOURCE TRANSFER CHARACTERISTICS 
VaS(off) = -3.5 VOLTS 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 8 — COMMON SOURCE TRANSFER CHARACTERISTICS 
VaS(off) = -5.8 VOLTS 


E | 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


6-24 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Junction Temperature Range 


Storage Temperature Range —65 to +175 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


m— ек i MN m | we | ои | 


OFF CHARACTERISTICS 


“С 


284223 
284224 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —10 „Acdc, Vps = 0) 


Gate Reverse Current 
(VGs = -20 Мас, Vps = 0) 


(VGs = - 20 Мас, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage 
(Ip = 0.25 nAdc, Vps = 15 Vdc) 
(Ip = 0.50 nAdc, Vps = 15 Vdc) 


Gate Source Voltage 
(Ip = 0.3 mAdc, Vps = 15 Vdc) 
(Ip = 0.2 mAdc, Vps = 15 Vdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vdc, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz)* 


(Vps = 15 Мас, Vas = 0, = 200 MHz) 


Input Conductance 
(Vps = 15 Мас, Vas = 0, f = 200 MHz) 


Output Conductance 
(Vps = 15 Мас, Vas = 0, f = 200 MHz) 


Input Capacitance 
(VpS = 15 Мас, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 


2N4223 
2N4224 


2N4223 
2N4224 


2N4223 
2N4224 


2N4223 
2N4224 


2N4223 
2N4224 


2N4223 
2N4224 


2N4223 
2N4224 
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VGS(off) 


MOTOROLA SEMICONDUCTORS 


2N4223, 2N4224 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, Vas = 0, Rs = 1.0 К ohm, f = 200 MHz) 2N4223 


Small-Signal Power Gain Common Source 
(Vps = 15 Vdc, VGs = 0, f = 200 MHz) 2N4223 


*Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 


FIGURE 1—NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


284223 208.0 pF 
RL = 5022 
L1 = 11/2 TURNS #20 AWG TINNED WIRE, 1/4" 1. D., LENGTH = 3/8" 0.001 uF 0.01 uF 
L2=3 1/2 TURNS #18 AWG TINNED WIRE, 3/8" 1. D., LENGTH = 1/2", E ld 
TAPPED AT 1 1/4 TURNS FROM DRAIN == — +15 Vdc 
FIGURE 2 – FIGURE 3 – 
DRAIN CURRENT versus GATE-SOURCE VOLTAGE TEMPERATURE COEFFICIENT FOR DRAIN CURRENT 


Ip, DRAIN CURRENT (mA) 


01р, TEMPERATURE COEFFICIENT (иА/ С) 


0 10 2.0 3.0 4.0 5.0 02 03 0.5 1.0 20 30 50 10 20 
Vgs, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (mA) 

FIGURE 4 – FORWARD TRANSFER ADMITTANCE FIGURE 5 — TEMPERATURE COEFFICIENT FOR Ys, 
versus GATE-SOURCE VOLTAGE versus DRAIN CURRENT 


5000 


Vps = 15 Vdc 
f = 1,0 KHz 

1055 = 10 тА 

ТА= 257 7 


ә 


1000 


рі, FORWARD TRANSFER ADMITTANCE (umhos) 
© 
= 
| i 
L 
OY fs, TEMPERATURE COEFFICIENT (%/ C) 


0 05 1.0 15 2.0 25 02 03 05 10 20 30 50 10 20 
Vas, GATE-SOURCE VOLTAGE (VOLTS) ID, DRAIN CURRENT (mA) 
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2N4223, 2N4224 


C, CAPACITANCE (pF) 


INPUT ADMITTANCE (mmhos) 


OUTPUT ADMITTANCE (mmhos) 


0 
10 20 30 50 100 


Ж 
ЕЕ WZ, 
“LITT | Lat 
ELI. 


10 30 50 100 
f, FREQUENCY (MHz) 


FIGURE 6 — CAPACITANCES 


20 40 60 80 10 12 14 18 18 20 
Vps, ORAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 8 —INPUT ADMITTANCE 
versus FREQUENCY 


Yis 
Vps = 15 Мас 
Vgs=0 

Yig 
Мрб = 15 Мас 


200 300 500 
f, FREQUENCY (MHz) 


1000 


FIGURE 10 — OUTPUT ADMITTANCE 
versus FREQUENCY 


200 300 500 1000 


SMALL-SIGNAL DEVICES 
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FORWARD TRANSFER ADMITTANCE (mmhos) 


REVERSE TRANSFER ADMITTANCE (mmhos) 


NF, NOISE FIGURE (dB) 


FIGURE 7 — COMMON SOURCE 
NOISE FIGURE versus SOURCE RESISTANCE 


#= 105 MHz ll 


9.0 Vps* 15V 
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0.1 02 03 0.5 1.0 2.0 5.0 10 
Rg, SOURCE RESISTANCE (k ohms) 


FIGURE 9 — FORWARD TRANSFER ADMITTANCE 
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f, FREQUENCY (MHz) 


FIGURE 11 — REVERSE TRANSFER ADMITTANCE 


versus FREQUENCY 


200 | "30 500 
f, FREQUENCY (MHz) 


10 20 30 50 100 1000 


MOTOROLA SEMICONDUCTORS 


2N4223, 2N4224 


FIGURE 12 — POWER GAIN versus FREQUENCY FIGURE 13 — COMMON SOURCE NOISE FIGURE 
versus FREQUENCY 


WER GAIN (dB) 


NF, NOISE FIGURE (dB) 


9 80 
“күүлүү ү 
40 
0 
40 80 80 100 200 300 400 40 60 80 100 200 300 400 
f, FREQUENCY (MHz) t, FREQUENCY (MHz) 
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2N4338 
2N4339 
2N4340 
2N4341 


CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating Symbol 


rc ры [=] 
Cc — — о | We | ОО. | 
Гане болта ае | мав | cm | 
ET ss“ Vas | B 
uw — —— — |. ss ass usa 


Gate Current 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C mW/°C 


Storage Temperature Range —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(6 = -1.0 дА) 

Gate Reverse Current 
(Vas = -30 V) 


Gate Source Cutoff Voltage 
(Vps = 15 V, Ip = 0.1 uA) 2N4338 
2N4339 
2N4340 
2N4341 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V) 2N4338 
2N4339 
2N4340 
2N4341 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, f = 1.0 kHz) 2N4338 
2N4339 
2N4340 
2N4341 


Output Admittance 
(Vps = 15 V, f = 1.0 kHz) 2N4338 
2N4339 
2N4340 
2N4341 


Input Capacitance Ciss 
(Vps = 15V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Volts, f = 1.0 kHz, Rg = 1.0 MQ) 
*Pulse Test: Pulse Width = 630 msec, Duty Cycle = 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4342 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


|. Raüng [ты | Маше | Unit | 
Drain-Source Voltage Vps -25 

Drain-Gate Voltage 

IGF 

PD 


JFET 
HIGH FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Reverse Gate-Source Voltage VGSR 25 


Total Device Dissipation @ TA = 25°C 310 
Derate above 25°C 2.82 


Operating and Storage Junction ТЈ, Тед | —55to +125 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Refer to 2N5460 for graphs. 


Characteristic зү | ма | ми | Un | 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 25 — Vdc 
(Ig = 10 дАдс, Vps = 0) 

Gate Reverse Current IGSS 
(Vas = 15 Vdc, Vps = 0) — 10 nAdc 
(Vas = 15 “ас, Vps = 0, Ta = 65°C) — 0.5 иАдс 

Gate Source Cutoff Voltage VGS(off) 1.0 5.5 Vdc 
(Vps = - 10 Мас, Ip = 1.0 дАдс) 

Gate Source Voltage ; 5.0 Мас 
(Vps = - 10 Мас, Ip = 0.4 mAdc) 
(Vps = -10 Мас, Ip = 1.0 mAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current Ipss 4.0 12 mAdc 
(Vps = -10 Мас, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance defor) 
(Vas = 0, Ip = 0, f = 1.0 kHz) 


Forward Transfer Admittance југа] 
(Vps = —10 Мас, Vas = 0, f = 1.0 kHz) 
Output Admittance Уоз! 


(Vps = - 10 Vdc, Vas = 0, f = 1.0 kHz) 


Common Source Forward Transconductance 
(Vps = —10 Мас, VGs = 0, f = 1.0 MHz) 


Input Capacitance 
(Vps = -10 Мас, Vcs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = - 10 Мас, Vas = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = —10 Мас, Vas = 0, RG = 1.0 Megohm, f = 100 Hz, BW = 15 Hz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = – 10 Мас, Vas = 0, f = 100 Hz, BW = 15 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4351 


CASE 20-03, STYLE 2 


TO-72 (TO-206AF) 
MAXIMUM RATINGS 


Symbol 
Drain-Source Voltage | vos | 
Drain-Gate Voltage 


Gate-Source Voltage* 


Drain Current | b | 


Vps 
VGS 
Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 


*Transient potentials of +75 Volt will not cause gate-oxide failure. 


MOS FET 
SWITCHING 


Junction Temperature Range N-CHANNEL — ENHANCEMENT 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Chamcerstie | Smb | Ма | Me | Unt | 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10V, Vas = 0) TA = 25°C 
Ta = 150°C 


Gate Reverse Current 
(VGs = +15 Мас, Vps = 0) 


ON CHARACTERISTICS 

Gate Threshold Voltage VGS(Th) Vde 
(Vps = 10 V, Ip = 10 uA) 

Drain-Source On-Voltage VDS(on) V 
(Ip = 2.0 mA, VGs = 10 V) 


On-State Drain Current 
(Vas = 10 V, Vps = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, Ip = 2.0 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 V, Vas = 0, f = 140 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, VGs = 0, f = 140 kHz) 


Drain-Substrate Capacitance 
(Vp(suB) = 10 V, f = 140 kHz) 


Drain-Source Resistance 
(Vas = 10 V, Ір = 0, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay (Fig. 5) а [| - | 
| — | 

= | 

= | 


Rise Time (Fig. 6) Ip = 2.0 mAdc, Vps = 10 Мас, 
VGs = 10 Мас) 


Turn-Off Delay (На. 7) (See Figure 9; Times Circuit Determined) 
Fall Time (Fig. 8) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4351 


FIGURE 1 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 2 — TRANSFER CHARACTERISTICS FIGURE 3 — DRAIN-SOURCE “ON” RESISTANCE 
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2N4351 


FIGURE 4 — “ON” DRAIN-SOURCE VOLTAGE 
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Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


SWITCHING CHARACTERISTICS 
(Та--- 25"С) 


FIGURE 5 — TURN-ON DELAY TIME FIGURE 6 — RISE TIME 
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2N4351 


FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 
82k 


ү 


OUTPUT TO SAMPLING 
OSCILLOSCOPE 


+10V 


t, = t/ < 2ns 
DUTY CYCLE= 2% 


The switching characteristics shown above were measured in 
a test circuit similar to Figure 10. At the beginning of the switch- 
ing interval, the gate voltage is at ground and the gate-source 


capacitance (Сав = Ciss — Crgg) has no charge. The drain volt- 
age is at Vpp, and thus the feedback capacitance (Crsg) is 
charged to Vpp. Similarly, the drain-substrate capacitance 
(Са(виђ)) is charged to Vpp since the substrate and source аге 
connected to ground. 

During the turn-on interval, Cgs is charged to VGs (the input 
voltage) through Rs (generator impedance). Crss must be dis- 
charged to VGS — Мр(оп) through Rs and the parallel combi- 
nation of the load resistor (Rp) and the channel resistance (гд). 
In addition, Са(зиь) is discharged to a low value (Мр(оп)) 
through Rp in parallel with rgs. During turn-off this charge flow 
is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (гдс) is a function of the gate-source volt- 
age (Vas). As Cgs becomes charged, VGs is approaching Vin 
and где decreases (see Figure 4) and since Crss and Cq(sup) are 
charged through ras, turn-on time is quite non-linear. 

If the charging time of Сав is short compared to that of Crss 
and Са(виђ), then газ (which is in parallel with Rp) will be low 
compared to Rp during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn-off 
rds Will be almost an open circuit requiring Crss and Cd(sub) to 
be charged through Rp and resulting in a turn-off time that is 
long compared to the turn-on time. This is especially noticeable 
for the curves where Rs = 0 and Са is charged through the 
pulse generator impedance only. 

The switching curves shown with Rs = Rp simulate the 
switching behavior of cascaded stages where the driving source 
impedance is normally the same as the load impedance. The set 
of curves with Rg = 0 simulates a low source impedance drive 
such as might occur in complementary logic circuits. 


FIGURE 10 — SWITCHING CIRCUIT MOSFET EQUIVALENT MODEL 
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SMALL-SIGNAL DEVICES 


2N4352 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


MOS FET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Junction Temperature Range TJ 
Storage Temperature Range —65 to +175 © 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Characteriste O b | ма | Me | Unit | 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -10 V, Vas = 0) ТА = 25°C 
TA = 150°C 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = -10V,lp = -10 дА) 


Drain-Source On-Voltage 
(Ip = —2.0 mA, Vas = - 10 V) 


On-State Drain Current 
(Ves = – 10 Vps = - 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance ELM 


(Vas = -10 V, Ip = 0, f = 1.0 kHz) 


Forward Transfer Admittance 
(Vps = -10 V, Ip = 2.0 mA, f = 1.0 kHz) 


Input Capacitance i EN 


(Vps = -10 V, Vas = 0, f = 140 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, VGs = 0, f = 140 kHz) 


Drain-Substrate Capacitance 
(Vp(SUB) = —10 V, f = 140 kHz) 


SWITCHING CHARACTERISTICS 
Turn-On Delay 
(Figures 5) 
Rise Time 
(Figures 6) Ip = —2.0 mAdc, Vps = — 10 Мас, 
Ves = -10 V) 


Turn-Off Delay (See Figure 9, Times Circuit Determined) 
(Figures 7) 

Fall Time 
(Figures 8) 
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2N4352 


FIGURE 1 — FOWARD TRANSFER ADMITTANCE 
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FIGURE 2 — TRANSFER CHARACTERISTICS FIGURE 3 — DRAIN-SOURCE “ON” RESISTANCE 
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Ip, DRAIN CURRENT (mA) 


доп, DRAIN-SOURCE "ОМ" RESISTANCE (OHMS) 


-2 -3 -4 -5 -6 -7 -8 -9 —10-H —12 -13-4 —15 -2 —3 -4 -5 -6 -7 -8 -9-0-1-2 -Н-4-15 


Vos, GATE-SOURCE VOLTAGE (VOLTS) Ves. GATE-SOURCE VOLTAGE (VOLTS) 
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2N4352 


FIGURE 4 — "ON" DRAIN-SOURCE VOLTAGE 
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Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


SWITCHING CHARACTERISTICS 
(Та = 25°C) 


FIGURE 5 — TURN-ON DELAY TIME FIGURE 6 — RISE TIME 
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2N4352 


FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 


SET Vos = 10V V OUTPUT TO SAMPLING 


OSCILLOSCOPE я күз EE 

The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (Cg: = Сіз —Crs:) has no charge. The 
drain voltage is at Voo, and thus the feedback capacitance (С) is charged to 
Мор. Similarly, the drain-substrate capacitance (Cajsu)) is charged to Voo since 
the substrate and source are connected to ground. 

During the turn-on interval, Cs; is charged to Ves (the input voltage) through 
Rs (generator impedance) (Figure 11). Crs must be discharged to Vos — Мост 
through Rs and the parallel combination of the load resistor(Ro) and the channel 
resistance (rds). In addition, Cajus) is discharged to a low value (Vojen)) through Ro 


t -14-£2n$ in parallel with га. During turn-off this charge flow is reversed. 

; e Predicting turn-on time proves to be somewhat difficult since the channel 

PW= 10 us resistance (ra) is a function of the gate-source voltage (Усх). As Сә, becomes 
DUTY CYCLE — 2% charged Ves is approaching Vin and га; decreases (see Figure 4) and since Grn 


and Cato are charged through Газ, turn-on time is quite non-linear. 

If the charging time of Са; is short compared to that of Crs: and Cajus), then 
Га (Which is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off ra, will be almost an open circuit requiring Crs: and Cats) to be charged 
through Ro and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and Са, is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs — Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. Тһе set of curves with Rs = 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 


FIGURE 10 — SWITCHING CIRCUIT with MOSFET EQUIVALENT 
MODEL 
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2N4360 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 
Drain-Source Voltage 


JFET 
LOW-FREQUENCY/LOW-NOISE 


P-CHANNEL — DEPLETION 


Drain-Gate Voltage 
Gate-Source Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range —55 to +125 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex [| Unt | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(16 = 10 дА) 

Gate Reverse Current IGSS nA 
(Vas = 15) 

Gate Source Cutoff Voltage VGS(off) 0.7 Мас 
(Vps = - 10 V, Ip = 1.0 мА) 

Gate Source Voltage VGS Vdc 
(Ip = 0.3 mA, Vps = —10 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -10 V, Vas = 0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance гаѕ 700 
(Ip = 0, VGs = 0, f = 1.0 kHz) 

Forward Transfer Admittance у] 8000 штћоз 
(Vps = -10 V, Vas = 0 V, f = 1.0 kHz) 

Output Admittance lVosl umhos 
(Vps = -10 V, VGs = 0 V, f = 1.0 kHz) 

Common Source Forward Transconductance Re(yfs) штћоз 
(Vps = -10 V, VGs = 0 V, f = 1.0 MHz) 
Input Capacitance Ciss pF 

(Vps = -10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF 
(Vps = - 10 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 


(Vps = -10 V, Ip = 1.0 mA, Rg = 1.0 то, f = 100 Hz) 
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2N4391 
2N4392 
2N4393 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to MPF4391 for graphs. 


MAXIMUM RATINGS 


Г мы 
Габала ome — | Уш | 
она бивао | ма | 
ПЕ алена — E 


Forward Gate Current = [ИТТЕЙ | 


Total Device Dissipation @ Tc = 25°C 1.8 Watts 
Derate above 25°C 10 a 

Operating Junction Temperature Range ЕСТЕН —65 to + GEL wes] 

Storage Temperature Range - 65 to +175 Em 


* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(IG = 1.0 дАдс, Vps = 0) 
Gate Reverse Current 
(Vas = 20 Мас, Vps 
(VGs = 20 Мас, Vps 


Gate Source Voltage 
(Vps = 20 Мас, Ip = 


0) 
0, Ta = 150°C) 


1.0 nAdc) 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


Drain-Cutoff Current 


(Vps = 20 Мас, Vas = 12 Мас) 
(Vps = 20 Vdc, Vas = 7.0 Vdc) 
(Vps = 20 Мас, Vgs = 5.0 Мас) 
(Vps = 20 Мас, Vas = 12 Мас, TA = 150°C) 
(Vps = 20 Vdc, Ус = 7.0 Мас, ТА = 150°C) 
(Vps = 20 Мас, Vas = 5.0 Мас, ТА = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Мас, Vas = 0) 


Drain-Source On-Voltage 
(1р = 12 mAdc, Vas = 0) 
(Ip = 6.0 mAdc, Vas = 0) 
(Ip = 3.0 mAdc, Vas = 0) 


Static Drain-Source On Resistance 
(1р = 1.0 тАдс, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ОМ” Resistance 
(Vas = 0, Ip = 0, f = 1.0 kHz) 


V(BR)GSS 


2N4391 
2N4392 
2N4393 


2N4391 
2N4392 
2N4393 
2N4391 
2N4392 
2N4393 


pAdc 


2N4391 
2N4392 
2N4393 


2N4391 
2N4392 
2N4393 


DS(on) 
2N4391 


2N4392 
2N4393 


Гав(оп) 
2М4391 


2М4392 


2М4393 


MOTOROLA SEMICONDUCTORS 
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2N4391, 2N4392, 2N4393 


“ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 


Input Capacitance 
(Vps = 20 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, VGs = 12 Мас, f = 1.0 MHz) 2N4391 
(Vps = 0, Vas = 7.0 Мас, f = 1.0 MHz) 2N4392 
(Vps = 0, Vas = 5.0 Мас, f = 1.0 MHz) 2N4393 


SWITCHING CHARACTERISTICS 


Rise Time 
(ID(on) = 12 mAdc) 2N4391 
(ID(on) = 6.0 mAdc) 2N4392 
(ID(on) = 3.0 mAdc) 2N4393 


Fall Time 
(Маз(оћ) = 12 Мас) 2N4391 
(VGS(off) = 7.0 Мас) 2N4392 
(VaS(off) = 5.0 Мас) 2N4393 


Turn-On Time 


(ID(on) = 12 mAdc) 
(ID(on) = 6.0 mAdc) 
Пр(оп) = 3.0 mAdc) 


Turn-Off Time 
(VaS(oft) = 12 Мас) 2N4391 
(VGS(off) = 7.0 Мас) 2N4392 
(VGS(off) = 5.0 Мас) 2N4393 


(1) Pulse Test: Pulse Width < 100 us, Duty Cycle < 1.0%. 
*In addition to JEDEC Registered Data. 
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2N4416,A 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Drain-Source Voltage Vps 30 


Drain-Gate Voltage 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 
JAN JTX JTXV AVAILABLE 


Gate-Source Voltage VGS 30 
| Gate Current |а 10 | та | 


Total Device Dissipation @ Ta = 25°C Pp 300 mW 
Derate above 25°C 1.71 mW/^/C 


Operating and Storage Junction TJ, Tstg | -6510 +175 °С 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Ma | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS 
(Ig = 1.0 дАдс, Vps = 0) 2N4416 
2N4416A 


Gate Reverse Current 
(VGs = 20 Vdc, Vps = 0) 
(VGs = 20 Vdc, Vps = 0, Ta = +150°C) 


Gate Source Cutoff Voltage VGSIoff) 
(Ip = 1.0 nAdc, Vps = 15 Vdc) 
Gate Source Voltage VGS 
(Ip = 0.5 mAdc, Vps = 15 Vdc) 
Gate-Source Forward Voltage VGSif) 
(Ig = 1.0 mAdc, Vps = 0) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current(1) 055 5.0 15 mAdc 


(Vps = 15 Vdc, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) у 4500 7500 umhos 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 
Real Part of Forward Transfer Admittance Yfs(real) 4000 umhos 
(Vps = 15 Мас, Vas = 0, f = 400 MHz) 
Real Part of Input Admittance umhos 
(Vps = 15 Мас, Vas = 0, f = 100 MHz) 100 
1000 


(Vps = 15 Мас, Vas = 0, f = 400 MHz) 
Output Admittance А Уоз| — 
(Vps = 15 Vdc, Vas = 0, f = 1.0 kHz) 
Yosíreal) umhos 
— 75 
— 100 
Yis(imag) umhos 
2500 
10,000 
Yos(imag) umhos 
1000 
4000 


Real Part of Output Admittance 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


Yis(real) 


(Vps = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vps = 15 Vdc, VGs = 0, f = 400 MHz) 


Imaginary Part of Input Admittance 
(Vps = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vps = 15 Vdc, VGs = 0, f = 400 MHz) 


Imaginary Part of Output Admittance 
(Vps = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vps = 15 Vdc, VGs = 0, f = 400 MHz) 
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2N4416,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteristic | Буто! | ма | Mex | Unit | 
Input Capacitance Ciss 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 
Common Source Output Capacitance Coss 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figures 3 and 4) 
(Vps = 15 Vdc, ID = 5.0 mAdc, Rg = 1000 Ohms, f = 100 MHz) 
(Vps = 15 Мас, Ір = 5.0 mAdc, Ка = 1000 Ohms, f = 400 MHz) 


Small-Signal Power Gain Common Source (Figure 1) 
(Vps = 15 Мас, Ip = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Мас, Ip = 5.0 mAdc, f = 400 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle « 1.0%. 


POWER GAIN 
FIGURE 1 — EFFECTS OF DRAIN CURRENT 
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FIGURE 2 — 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 


Sie | жй 


Designation 


= | c2 | 1000рЕ | т7ре | 
{ова c2 1000 pF 17 pF 
| сз | зоре | торе | 
SOMA 0.0015 uF | 0.001 uF 
[м | 30gH° | огин:• | 
Adjust Vgs for NOTE: The noise source is a hot-cold body | олашн“ [0.022 uH * | 
Ip 50 mA (AIL type 70 or equivalent) with a 
Маз< 0 Volts test receiver (AIL type 136 or equivalent). 

“41 17 turns, (approx. — depends upon circuit layout) AWG #28 **L1 6 turns, (approx. — depends upon circuit layout) AWG #24 
enameled copper wire, close wound on 9/32” ceramic coil enameled copper wire, close wound оп 7/32” ceramic coil 
form. Tuning provided by a powdered iron slug. form. Tuning provided by an aluminum slug. 

L2 4-1/2 turns, AWG #18 enameled copper wire, 5/16” long, L2 1turn, AWG #16 enameled copper wire, 3/8” 1.0. (AIR 
3/8” 1.0. (AIR CORE). CORE). 
L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4” long, L3 1/2 turn, AWG #16 enameled copper wire, 1/4” 1.0. (AIR 
3/8" 1.0. (AIR CORE). 
CORE). 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-43 


2N4416,A 


NOISE FIGURE 
(Тећаппе! = 25°C) 
FIGURE 3 — EFFECTS OF DRAIN-SOURCE VOLTAGE FIGURE 4 — EFFECTS OF DRAIN CURRENT 
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INTERMODULATION CHARACTERISTICS 
FIGURE 5 — THIRD ORDER INTERMODULATION DISTORTION 


Vps = 15 Мас 
Я = 399 MHz 
#2 = 400 MHz 


Pout, OUTPUT POWER PER TONE (dB) 


Pin, INPUT POWER PER TONE (dB) 


COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 
(Vps = 15 Vdc, Tchannel = 25°C) 


FIGURE 6 — INPUT ADMITTANCE (у) FIGURE 7 — REVERSE TRANSFER ADMITTANCE (ур) 
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FIGURE 8 — FORWARD TRANSADMITTANCE (yts) FIGURE 9 — OUTPUT ADMITTANCE (yos) 
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COMMON SOURCE CHARACTERISTICS 


S-PARAMETERS 
(Моб = 15 Мас, Т = 25°C, 
FIGURE 10 — S11, ВЗ пра ls FIGURE 11-542; 
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FIGURE 12 - $215 
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COMMON GATE CHARACTERISTICS 


ADMITTANCE PARAMETERS 
(VpG = 15 Vdc, Tchannel = 259с) 


FIGURE 14 — INPUT ADMITTANCE (уд) 
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FIGURE 13 — 522; 
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FIGURE 15 — REVERSE TRANSFER ADMITTANCE (уго) 
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FIGURE 16 — FORWARD TRANSFER ADMITTANCE (уға) FIGURE 17 — OUTPUT ADMITTANCE (Yog) 
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COMMON GATE CHARACTERISTICS 
S-PARAMETERS » 
(Мос = 15 Мас, Tchannel = 25°С, 
FIGURE 18 — $119 Data Points in MHz) FIGURE 19 — $129 
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FIGURE 20 — 5214 FIGURE 21 — S22g 
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2N4856,A 
thru 
2N4861,A 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


2N4856,A | 2N4859,A 

2N4857,A | 2N4860,A 

Rating 2N4858,A | 2N4861,A 

Drain-Source Voltage 
Drain-Gate Voltage 


[Reverse Gate-Source Voltage | Vasa | -4 | -30 | vdc | 
| Forward Gate Current | к | — 5 | made | 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +175 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


inn 31-17) 


VGS(off) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 џАдс, Vps = 0) 2N4856,A, 2N4857,A, 2N4858,A 
2N4859,A, 2N4860,A, 2N4861,A 


Gate Reverse Current 
(VGs = —20 Мас, Vps = 0) 2N4856,A 2N4857,A, 2N4858,A 
(Ves = - 15 Мас, Vps = 0) 2N4859,A, 2N4860,A, 2N4861,A 
(VGs = —20 Vdc, Vps = 0, TA = 150°C) 2N4856,A, 2N4857,A, 2N4858,A 
(VGs = -15 Мас, Vps = 0, Ta = 150°C) 2N4859,A, 2N4860,A, 2N4861,A 


Gate Source Cutoff Voltage 

(Vps = 15 Мас, Ip = 0.5 nAdc) 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


Drain Cutoff Current 
(Vps = 15 Мас, VGs = - 10 Мас) 


(Vps = 15 Мас, Vas = —10 Мас, Ta = 150°C) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Мас, VGs = 0) 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


Drain-Source On-Voltage 
(1р = 20 mAdc, Vas = 0) 2N4856,A, 2N4859,A 
(Ip = 10 mAdc, VGs = 0) 2N4857,A, 2N4860,A 
(1р = 5.0 mAdc, Vas = 0) 2М4858,А, 2N4861,A 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2М4856,А, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


Input Capacitance 


(Vps = 0, Vas = - 10 Мас, f = 1.0 MHz) 2N4856 thru 2N4861 
2N4856A thru 2N4861A 


Reverse Transfer Capacitance 
(Vps = 0, Vas = — 10 Мас, f = 1.0 MHz) 2N4856 thru 2N4861 
2N4856A, 2N4859A 
2N4857A, 2N4858A, 2N4860A, 2N4861A 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4856,A thru 2N4861,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


бе | %үт | wi | Mex | Unit | 


SWITCHING CHARACTERISTICS (See Figure 1) (2) 


Turn-On Delay Time Conditions for 2N4856,A, 2N4859,A: 


20 mAdc, 
— 10 Vdc) 


(Vpp = 10 Мас, (оп) 
VGS(on) = 0, VGS(off) 


Rise Time Conditions for 2N4857,A, 2N4860,A: 


= 10 mAdc, 
— 6.0 Vdc) 


(Vpp = 10 Vdc, оп) 

VGS(on) = 0, VGS(off) = 
Turn-Off Time 

Conditions for 2N4858,A, 2N4861,A: 


(Vpp = 10 Мас, Ір(оп) 
VGS(on) = 0, VGS(off) 


5.0 mAdc, 
—4.0 Vdc) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 10%. 


2N4856, 2N4859 
2N4856A, 2N4859A 
2N4857, 2N4860 
2N4857A, 2N4860A 
2N4858, 2N4861 
2N4858A, 2N4861A 


2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858, 2N4861 
2N4858A, 2N4861A 


2N4856, 2N4859 
2N4856A, 2N4859A 
2N4857, 2N4860 
2N4857A, 2N4860A 
2N4858, 2N4861 
2N4858A; 2N4861A 


(2) The Ip(on) values are nominal; exact values vary slightly with transistor parameters. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


en tr < 1.0 ns tf < 1.0 ns 
(2N4856,A,2N4859,A) 464 | 0--- VGS(on) 
(2N4857,A,2N4860,A) 953 j RL Sn 
(2N4858,A, 2N4861,A) 1910 (24856,4, 2N4859,A) -10 V ы INPUT 
(2N4857,A, 2N4860,A) -6.0 V - | ---- VGSloff) 
OUTPUT (2№4858,А, 294861,4) -0 V ) — —! ton - он [-— 
INPUT чо) — | H Ҹон) 
t= и гі 
= = = 10% | ! 10% 
| | OUTPUT 
90% 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle = 2,0%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr < 0.75 ns, Rin > 1.0 megohm, Cin < 2.5 pF. 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


2N5245 
2N5246 
2N5247 


CASE 29-02, STYLE 23 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C (Free Air) 
JFET 


HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Lead Temperature 
(1/16" from Case for 10 Seconds) 


Storage Temperature Range 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x On — Sm | wm | Wm | Um | xx 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = —1.0 мА, Vps = 0) 

Gate Reverse Current IGSS nA 
(Vas = -20 V, Vps = 0) 

Gate 1 Leakage Current 16155 pA 
(Матв = -20У, Vps = 0, Ta = 100°C) 

Vdc 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 V, Ip = 10 mA) 2N5245 А Š 
2N5246 ; 5 
2N5247 ç { 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

(Vps = 15 V, Vas = 0, Pulsed: See Note 1) 2N5245 
2N5246 
2N5247 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Уз 
(Vps = 15 V, Vas = 0, f = 1.0 kHz) 2N5245 
2N5246 
2N5247 
Input Admittance Reíyis) 
(Vps = 15 V, Vas = 0) (100 MHz) 
(400 MHz) 
Output Admittance lYosl 
(Vps = 15 У, Vas = 0, f = 1.0 kHz) 2N5245 
2N5246 
2N5247 


Output Conductance Ве(уов) 
(Vps = 15 V, VGs = 0) 2N5245 (100 MHz) 
2N5246 
2N5247 
2N5245 (400 MHz) 
2N5246 
2N5247 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5245, 2N5246, 2N5247 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x мене | Symbo | ма | Me | Unt | 


аш 


Forward Transconductance 
(Vps = 15 V, VGs = 0, f = 400 MHz) 


Input Capacitance 
(Vps = 15 V, Vas = 0, f = 1.0 Mhz) 


Reverse Transfer Capacitance 
(Vps = 15 V, Vas = 0, f = 1.0 MHz) 


Input Susceptance 
(Vps = 15 V, Vas = 0) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 V, Ip = 5.0 mA, R'G 


Common Source Power Gain 


(Vps = 15 V, Ip = 5.0 mA, R'G = 


Output Susceptance 
(Vps = 15 V, Vas = 0) 


Note 1: tp = 100 ms, Duty Cycle = 10%. 


2N5245 
2N5246 
2N5247 


(100 MHz) 
(400 MHz) 


2N5245 (100 MHz) 
2N5245 (400 MHz) 


IM(Yos) 
(100 MHz) 
(400 MHz) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


2N5265 
thru 
2N5270 


CASE 20-05, STYLE 5 
TO-72 (TO-206AF) 
MAXIMUM RATINGS 


Forward Gate Current 


Total Device Dissipation @ TA = 25°C ER 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Derate above 25°C 


Junction Temperature Range 
Storage Temperature Range —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Амр | Me | њи | a 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 дАдс, Vps = 0) 

Gate Reverse Current 
(VGs = 30 Мас, Vps = 0) 
(Vas = 30 Мас, Vps = 0, Ta = 150°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Мас, Ip = 1.0 wAdc) 2N5265, 2N5266 
2N5267, 2N5268 
2N5269, 2N5270 


Gate Source Voltage 
(Vps = 15 Vdc, Ip = 0.05 mAdc) 2N5265 
(Vps = 15 Vdc, Ip = 0.08 mAdc) 2N5266 
(Vps = 15 Vdc, Ip = 0.15 mAdc) 2N5267 - 
(Vps = 15 Мас, Ip = 0.25 mAdc) 2N5268 
(Vps = 15 Vdc, Ip = 0.4 mAdc) 2N5269 
(Vps = 15 Vdc, Ip = 0.7 mAdc) 2N5270 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, VGs = 0) 2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 kHz) 2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


Output Admittance Common Source 
(Vps = 15 Vdc, VGs = 0, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5265 thru 2N5270 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Common Source Forward Transconductance 

(Vps = 15 Vdc, VGs = 0, f = 100 MHz) 2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


Input Capacitance 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, Vas = 0, Rg = 1.0 M ohm, 
f = 100 Hz, BW = 1.0 Hz) 


Equivalent Short-Circuit Input Noise Voltage nV/v/Hz 
(Vps = 15 Vdc, Vas = 0, f = 100 Hz, BW = 1.0 Hz) 


Ciss 
(Vps = 15 Vdc, Vas = 0, f = 1.0 MHz) 


FIGURE 1-6 TRANSFER CHARACTERISTIC CURVES 


FOR MIN/MAX Ipss LIMITS 


FIGURE 1 


FIGURE 2 


Ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 


0 0.25 0.5 0.75 1.0 1.25 
VGS, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 FIGURE 4 
ІШЕ | L 
4— 
205267 - i 1 

| red үр = 15 v~ 2N5268 
= < + + Мр5 = 15 Vdc- 
E T £ | 
= Б iN $ МАХ 
š T ш | 
= = i—— мім 
3 2 4 
= z 
= š 
a a 
в в 


12500 -550С 
0 0.5 10 15 2.0 25 0 05 
VGs, GATE-SOURCE VOLTAGE (VOLTS) 


- = 
1.0 1.5 20 2.5 3.0 3.5 
Ves, GATE-SOURCE VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


2N5265 thru 2N5270 


FIGURE 5 FIGURE 6 


2N5269 


ID, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 


0 1.0 2.0 3.0 4.0 0 15 3.0 45 6.0 
VGS, GATE-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURES 7-12 — TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 


FIGURE 7 FIGURE 8 


2000 


2N5265 


| Уз |, FORWARD TRANSFER ADMITTANCE (umhos) 
lyggl, FORWARD TRANSFER ADMITTANCE (штћоз) 


0.1 0.2 0.3 05 07 10 2.0 
Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
FIGURE 9 FIGURE 10 


05) 


= 


| УІ, FORWARD TRANSFER ADMITTANCE (штћоз) 
Ту, FORWARD TRANSFER ADMITTANCE (umh 


= 
02 03 05 07 10 20 30 40 05 07 10 20 30 50 70 10 
Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5265 thru 2N5270 


FIGURE 11 
a 1000 эшак дин НБ АС Г ІІІ I. v 
Ба жы ЕЯ эш! АК нек eee дадат pee алыса ха НИИ 
7000 TE ВН Неа — 


[ГА] FORWARD TRANSFER ADMITTANCE (итһ 


Ip, DRAIN CURRENT (mA) 


05 07 10 20 3.0 50 70 10 


05) 


ІІ, FORWARD TRANSFER ADMITTANCE (umh 
© 
е 


FIGURE 12 


10,000 К ІЗ eS р ВЕ 


0.5 0.7 10 2.0 3.0 5.0 7.0 10 
Ip, DRAIN CURRENT (mA) 


TYPICAL CURVES 


FIGURE 13 — OUTPUT RESISTANCE 
versus DRAIN CURRENT 


|| 

|| 

Е 
=] 
zs 
MN] 
== 
НЕ 


ен 
ШЕНІ 


Toss, OUTPUT RESISTANCE (к OHMS) 


10, DRAIN CURRENT (mA) 


FIGURE 15 — NOISE FIGURE versus 
FREQUENCY 


NF, NOISE FIGURE (dB) 


ТӨШ 


ШН 

st LLL U TT 
10 20 50 100 200 500 1000 2000 
f, FREQUENCY (Hz) 
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FIGURE 14 — CAPACITANCE versus 
DRAIN-SOURCE VOLTAGE 


C, CAPACITANCE (pF) 


Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 16 — NOISE FIGURE versus 
SOURCE RESISTANCE 


NF, NOISE FIGURE (dB) 


Rs, SOURCE RESISTANCE (k OHMS) 


SMALL-SIGNAL DEVICES 


2N5265 thru 2N5270 


FIGURE 17 — DRAIN CURRENT TEMPERATURE FIGURE 18 — FORWARD TRANSADMITTANCE 
"T COEFFICIENT versus DRAIN CURRENT ik COEFFICIENT versus DRAIN CURRENT 
1 EN | T- U. 
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910, TEMPERATURE COEFFICIENT (mA/9C) 
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2N5457 
2N5458 
2N5459 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
[ — тё | Symbol | | 
[Brain Source voeg — ме | 2 | 
Е Voge КА | e | | 
[Reverse Gate Source vonage | vesn | -28 | м | 
Tig [№ | 


Gate Current 


Total Device Dissipation @ Ta = 25°C 310 
Derate above 25°C 2.82 

Junction Temperature Range | nu | ws | 

Storage Channel Temperature Range —65 to +150 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo! | ма | тур | Mex | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —10 дАдс, Vps = 0) 

Gate Reverse Current 
(VGs = - 15 Мас, Vps = 0) 
(VGs = —15 Vdc, Vps = 0, TA = 100°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Мас, Ip = 10 nAdc) 2N5457 
2N5458 

2N5459 


Gate Source Voltage 
(Vps = 15 Мас, Ip = 100 „Аас) 
(Vps = 15 Vdc, Ip = 200 uAdc) 
(Vps = 15 Vdc, Ip = 400 „Адс) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vps = 15 Vdc, Vas = 0, f = 1.0 kHz) 


Output Admittance Common Source* 


(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width = 630 ms; Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5460 
thru 
2N5465 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


2N5460 | 2N5463 
2N5461 | 2N5464 
Rating 2N5462 | 2N5465 
Reverse Gate-Source Voltage VGSR | 40 | 60 | Vde | 
Forward Gate Current le | 70 | madc | 
Total Device Dissipation (v TA = 25°C 310 mW 
Derate above 25°C 2.82 mW^C 
Junction Temperature Range —65 to +135 
Storage Channel Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 дАдс, Vps = 0) 2N5460, 2N5461, 2N5462 40 
2N5463, 2N5464, 2N5465 60 


Gate Reverse Current 
(VGs = 20 Мас, Vps = 0) 2N5460, 2N5461, 2N5462 
(VGs = 30 Мас, Vps = 0) 2N5463, 2N5464, 2N5465 
(Vas = 20 Мас, Vps = 0, TA 2N5460, 2N5461, 2N5462 
(Vas = 30 Мас, Vps = 0, TA 2N5463, 2N5464, 2N5465 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Мас, ID = 1.0 џАдс) 2N5460, 2N5463 
2N5461, 2N5464 

2N5462, 2N5465 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Gate Source Voltage 
(Vps = 15 Мас, Ip = 0.1 mAdc) 2N5460, 2N5463 
(Vps = 15 Vde, Ip = 0.2 mAdc) 2N5461, 2N5464 
(Vps = 15 Мас, Ip = 0.4 mAdc) 2N5462, 2N5465 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Мас, VGs = 0, 2N5460, 2N5463 
f = 1.0 kHz) 2N5461, 2N5464 
2N5462, 2N5465 


SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 2N5460, 2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


Output Admittance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vas = 0,f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Vgs = 0, Rg = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 15 Мас, VGs = 0, f = 100 Hz, BW = 1.0 Hz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5460 thru 2N5465 


DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 


FIGURE 1 — МсѕЅ(о = 2.0 VOLTS 
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FIGURE 2 — Ус5(он) = 4.0 VOLTS 
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FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 


FIGURE 4 — Мазон) = 2.0 VOLTS 
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| 4 1 
pes = 15V — 
l = 1.0 kHz 
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10, DRAIN CURRENT (тА) 
FIGURE 5 — Мазон) = 4.0 VOLTS 
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ID DRAIN CURRENT (mA) 


FIGURE 6 — VGs(off) = 5.0 VOLTS 


ID DRAIN CURRENT (mA) 
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SMALL-SIGNAL DEVICES 


2N5460 thru 2N5465 


Toss, OUTPUT RESISTANCE (k ohms) 


NF, NOISE FIGURE (dB) 


FIGURE 7 — OUTPUT RESISTANCE 
VERSUS DRAIN CURRENT 


0.5 1.0 2.0 5.0 10 
10, DRAIN CURRENT (mA) 


0.1 0.2 


FIGURE 9 — NOISE FIGURE 
VERSUS FREQUENCY 


200300 500 10,000 


1,000 20003000 
f, FREQUENCY (Hz) 


10 20 30 50 100 


C, CAPACITANCE (pF' 


NF, NOISE FIGURE (dB) 


FIGURE 8 — CAPACITANCE VERSUS 
DRAIN-SOURCE VOLTAGE 


T ] 


f= 1.0 MHz-1——3] 


Ves = 0 
+ 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 10 — NOISE FIGURE VERSUS 
SOURCE RESISTANCE 


MM TT 


10 100 10,000 


Rs, SOURCE RESISTANCE (k Ohms) 


FIGURE 11 — EQUIVALENT LOW FREQUENCY CIRCUIT 


Toss 


| 


ТУ Vi 


Common Source 
y Parameters for Frequencies 
Below 30 MHz 


Yis = 1 Cis 

Yos = Ко бобр" + 1/ross 
У“ УБ | 

Yrs = 10 Cr, 


*Cosp is Coss in parallel with Series Combination of Су and бү. 


NOTE: 


1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). 
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MOTOROLA SEMICONDUCTORS 


2N5484 
thru 
2N5486 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Unit 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Тс = 25°C 310 mW 
Derate above 25°C 2.82 mW^C 


Operating and Storage Junction ТЈ, Tstg | —65 to +150 "C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Svmbo | ма | тур | Mex | umt | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V 
(Ig = —1.0 дАдс, Vps = 0) 

Gate Reverse Current 
(VGs = -20 Мас, Vps = 0) 
(VGs = - 20 Мас, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) 


Forward Gate Current | ie) | 


Refer to 2N4416 for graphs. 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Мас, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 


(Vps = 15 Vdc, Vas = 0, f = 1.0 kHz) 


Input Admittance 
(Vps = 15 Мас, Vas = 0, f = 100 MHz) 2N5484 
(Vps = 15 Мас, VGs = 0, f = 400 MHz) 2N5485, 2N5486 


Output Admittance 
(Vps = 15 Vdc, Vas = 0,f = 1.0 kHz) 


Output Conductance 
(Vps = 15 Мас, Vas = 0, = 100 MHz) 2N5484 75 
(Vps = 15 Мас, VGs = 0, f = 400 MHz) 2N5485, 2N5486 100 


Forward Transconductance 
(Vps = 15 Vdc, VGs = 0, f = 100 MHz) 


(Vps = 15 Мас, VGs = 0, f = 400 MHz) 
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2N5484 thru 2N5486 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


x се | Symbo | ми | 


Input Capacitance 
(Vps = 15 Vdc, Vas = 0,f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, VGs = 0, Rg = 1.0 Megohm, f = 1.0 kHz) 
(Vps = 15 Мас, Ір = 1.0 mAdc, 2N5484 
Rg = 1.0 k ohm, f = 100 MHz) 
(Vps = 15 Мас, Ір = 1.0 mAdc, 2N5484 
RG = 1.0 k ohm, f = 200 MHz) 
(Vps = 15 Vde, Ip = 4.0 mAdc, 2N5485, 2N5486 


Rg = 1.0 k ohm, f = 100 MHz) 
(Vps = 15 Мас, Ip = 4.0 mAdc, 2N5485, 2N5486 
Rg = 1.0 k ohm, f = 400 MHz) 


Common Source Power Gain 
(Vps = 15 Мас, Ір = 1.0 тАдс, f = 100 MHz) 2N5484 
(Vps = 15 Мас, Ip = 1.0 тАдс, f = 200 MHz) 2N5484 
(Vps = 15 Vdc, Ip = 4.0 mAqdc, f = 100 MHz) 2N5485, 2N5486 
(Vps = 15 Мас, Ір = 4.0 mAdc, f = 400 MHz) 2N5485, 2N5486 
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2N5555 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


x Rating | Symbo | Маше | Unt - 
Drain Source Voltage _______ Vos | 25 | ve | 
[DwmGweVotae __ | vwe | » | ve | 
|GateSoure Voltage |1 Vas | 25 | ve | 
[Forward Gate Current | ње | № [| та | 

Total Device Dissipation @ Tc = 25°C КАЧ SEF 

Derate above 25°C mW/C 

| Junction Temperature Range ту | юн C | 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Max | Unit 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 „Adc, Vps = 0) 
Gate Reverse Current 1555 1.0 


(Мс = 15 Мас, Vps = 


Drain Cutoff Current 
(Vps = 12 Мас, Vgs = - 10 V) 
(Vps = 12 Мас, Vas = - 10 V, TA = 100°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* Ір55 
(Vps = 15 Мас, Vas = 0) 


Gate-Source Forward Voltage VGS(f) 
(IG(f) = 1.0 mAdc, Vps = 0) 


Drain-Source On-Voltage VDS(on) 
(1р = 7.0 mAdc, Vas = 0) 


Static Drain-Source On Resistance TDS(on) 
(Ip = 0.1 mAdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source “ОМ” Resistance 
(Vas = 0, Ір = 0, f = 1.0 kHz) 


Input Capacitance 1 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 10 Мас, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time (Vpp = 10 Мас, Ip(on) = 7.0 mAdc, 


Rise Time VGS(on) = 0, VGS(off) = —10 Мас) 
(See Figure 1) 


Turn-Off Delay Time (Vpp = 10 Мас, Ір(оп) = 7.0 mAdc, 


Fall Time VGS(on) = 0, VGS(off) = — 10 Мас) 
(See Figure 1) 


*Pulse Test: Pulse Width < 300 из, Duty Cycle < 3.0%. 
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2N5555 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


| Pulse Width | 


VGS(otf) 


PULSE 50 Ohm Coaxial Cable Input Pulse [= Input Pulse 


GENERATOR Å- m Rise Time I Fall Time 


(50 Ohms) 


| 
(он) | —— 


INPUT PULSE 
Rise Time < 1.0 ns 
Fall Time < 1.0 ns 
Nominal Value of "оп" Pulse Width = 400 ns 
Duty Cycle < 1.0% 
Generator Source Impedance = 50 Ohms 
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2N5638 
2N5639 
2N5640 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to 2N5653 for graphs. 


MAXIMUM RATINGS 
Rating 


Drain-Source Voltage 


Drain-Gate Voltage 
Reverse Gate-Source Voltage 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 „Adc, Vps = 0) 
Gate Reverse Current 

(Vas = —15 Мас, Vps = 
(Ус = —15 Мас, Vps 


Drain Cutoff Current 


0) 
0, Ta = 100°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Vdc, Vas = 0) 


100°C) 
100°C) 


(Vps = 15 Мас, Vas = —12 Мас) 

(Vps = 15 Vdc, Vas = -8.0 Мас) 

(Vps = 15 Мас, Vas = -6.0 Мас) 

(Vps = 15 Vdc, Vas = —12 Мас, Ta = 100°C) 
(Vps = 15 Мас, Vgs = -8.0 Мас, Ta = 

(Vps = 15 Мас, Vgg = -6.0 Мас, Ta = 


Drain-Source On-Voltage 
(Ip = 12 mAdc, VGs = 0) 
(Ip = 6.0 тАдс, VGs = 0) 

(Ip = 3.0 mAdc, VGs = 0) 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ON” Resistance 
(Vas = 0, Ip = 0, f = 1.0 kHz) 


Input Capacitance 


(Vps = 0, Vas = - 12 Vdc, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = - 12 Мас, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS 


Symbol Min Max Unit 
- ---- 
V(BR)GSS 30 = Vdc 
1555 
— 1.0 nAdc 
— 1.0 pAdc 
ID(off) 
2N5638 -- 1.0 nAdc 
2N5639 — 1.0 
2N5640 — 1.0 
2N5638 — 1.0 рАас 
2N5639 -- 1.0 
2N5640 
IDSs 
2N5638 
2N5639 25 — 
2N5640 5.0 — 
VDS(on) Vdc 
2N5638 — 
2N5639 
2N5640 


TDS(on) 


2N5638 
2N5639 
2N5640 


2N5638 
2N5639 
2N5640 
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2N5638, 2N5639, 2N5640 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


|. Cate | Sym! | м | Me | Un | 


SWITCHING CHARACTERISTICS 


Turn-On Delay (оп) = 12 mAdc 2N5638 
Time 6.0 mAdc 2N5639 
3.0 mAdc 2N5640 


Rise Time Vpp = 10 Vdc, (оп) = 12 mAdc 2N5638 
6.0 mAdc 2N5639 
VGSlon) = 0, 3.0 mAdc 2N5640 


Turn-Off Delay VGS(off) = — 10 Мас, Ір(оп) = | mAdc 2N5638 td(off) 
Time 0 mAdc 2N5639 
Rg’ = 50 ohms - mAdc 2N5640 
Fall Time ID(on) = 12 mAdc 2N5638 
6.0 mAdc 2N5639 be 
3.0 mAdc 2N5640 30 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle « 3.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-67 


2N5653 
2N5654 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 дАдс, Vps = 0) 

Gate Reverse Current 
(VGs = -15 Мас, Vps 
(VGs = —15 Мас, Vps 


Drain Cutoff Current 
(Vps = 15 Мас, Vas = - 12 Мас) 
(Vps = 15 Мас, Vas = —8.0 Мас) 
(Vps = 15 Мас, Vgs = - 12 Мас, TA = 100°C) 
(Vps = 15 Мас, Vas = -8.0 Мас, TA = 100°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Мас, VGs = 0) 


0) 
0, TA = 100°C) 


Drain-Source On-Voltage 
(Ip = 10 mAdc, Vas = 0) 
(1р = 5.0 mAdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ОМ” Resistance 
(Vas = 0, Ip = 1.0 mAdc) 


(VGs = 0, Ip = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 0, Vas = - 12 Мас, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = - 12 Мас, f = 1.0 MHz) 
(Vps = 0, Vas = -8.0 Vdc, f = 1.0 MHz) 


2N5653 
2N5654 
2N5653 
2N5654 


2М5653 
2М5654 


2М5653 
2N5654 


2N5653 
2N5654 


2N5653 
2N5654 


2N5653 
2N5653 


С тч [этн | мән | әш | 
эзбе [ш ®ю | VE 
[Revere бие5бошеуо е | vesa | 39 | № | 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +150 °С 


Symbol 


V(BR)GSS 


1555 


ID(off) 


| e | 10 | mac | 


310 mW 
2.82 mW/°C 


Min | мах | Unit | 


30 — Vdc 
— 1.0 nAdc 
— 1.0 pAdc 
- 1.0 пАдс 
m 1.0 

— 1.0 pAdc 
— 1.0 
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SMALL-SIGNAL DEVICES 


2N5653, 2N5654 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[ e.eëeLgC C Және | Symb! | ма | мах | unit | 


SWITCHING CHARACTERISTICS 


Test Condition for 2N5653: 
Turn-On Delay Time (Vpp = 10 Vdc, VGS(on) = 0, 2N5653 td(on) — 4.0 
VGS(off) = —12 Мас, 2N5654 = 6.0 


Rg’ = 50 Ohms) 2N5654 
(Figure 1) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 


Test Condition for 2N5654: 
Turn-Off Delay Time (Vpp = 10 Vdc, VGS(on) = 0, 2N5653 td(oft 
VGS(oft) = —12 Мас, 2N5654 off) 
Ея |" | 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


RL= Yoo -(tds(an) + 50) 
1р 0.001 uF 


01gF 
PULSE 
GENERATOR 
MT 
| ^ tr 
td(att) + a F = VGSlon) 
OUTPUT 10% -VGS(off) SCOPE 
(SCOPE 8) TEKTRONIC 567A 
OR EQUIVALENT 


INPUT PULSE 
tr = 1.0 ns = 
f= 1.0 kHz 

Duty Cycle < 1.0% 


TO 50 OHM 
INPUT SCOPE B 


(SCOPE A) 


— tdíon) 


TO 50 OHM 
SCOPE А 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-69 


2N5668 
2N5669 
2N5670 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
__________ вала | Symbo | Маше | Unt | 
Vdc 
[ 2 | пла | 

Total Device Dissipation @ Ta = 25°C mW 

Derate above 25°C 2.82 mW/^/C 


Storage Channel Temperature Range Tsta —65 to +150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 25 
(IG = 10 uAdc, Vps = 0) 
Gate Reverse Current 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


0) 
0, TA = 100°C) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vdc, Ip = 10 nAdc) 2N5668 
2N5669 
2N5670 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vdc, Vas = 0) 2N5668 
2N5669 
2N5670 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 kHz) 2N5668 
2N5669 
2N5670 


Input Admittance 
(Vps = 15 Vdc, Vas = 0, f = 100 MHz) 


Output Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz) 2N5668 
2N5669 
2N5670 


Output Conductance 


(Vps = 15 Vdc, Vas = 0, f = 100 MHz) 2N5668 
2N5669 
2N5670 


Forward Transconductance 
(Vps = 15 Vdc, Vas = 0, f = 100 MHz) 2N5668 
2N5669 
2N5670 


Input Capacitance 
(Vps = 15 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 
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2N5668, 2N5669, 2N5670 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Output Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 1) 
(Vps = 15 Vdc, Vas = 0, = 100 MHz at RG’ = 1.0 k ohm) 


Common Source Power Gain (Figure 1) 
(Vps = 15 Мас, Vas = 0, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 10%. 


FIGURE 1 — 100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


Ru = 500hms 
с 0.001 uF 
Rem SO Uhmt pu RF Choke 
| 0.001 pF 
ОЩЕ 

11 = 85 Turns of #14 AWG Tinned Copper; Dia. = 3/8", = 0.9" Long. = L3 = 17 Turns of #28 AWG Enameled 
Tapped at = 2-1/2 Turns (adjust to give RG = 1.0 k ohm), Copper Wire, Close Wound on 9/32" 
Parallel Resistance = 40 k ohms, tunes at = 8.0 pF Ceramic Form, Tuning Provided by a 

12 = 13.5 Turns #16 AWG Tinned Copper; Dia. = 3/8”, = 1.2" Long Powdered Iron Slug. 
Tapped at = 5 Turns, Parallel Resistance = 40 k ohms; 
tunes at 4.0 pF. 
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MAXIMUM RATINGS 


2N6659 | 2N6660 ЖИЫ, 
—— mE = s | mm НЕ 


Огат-боигсе | Drain-Source Voltage | 


БТ De eo onu < 
| Gate-Source Voltage | Vas | =30 — | ve | 


2N6659 

2N6660 

2N6661 
MPF6659 
MPF6660 
MPF6661 


Drain Current — 
Continuous (1) 
Pulsed (2) 


2N6659,60,61 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


MPF6659,60,61 
CASE 29-03, STYLE 22 
TO-226AE 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ TA = 25°C be 
Derate above 25°C 


TMOS 
SWITCHING TRANSISTOR (1) The Power Dissipation of the package may result in a lower continuous drain 


current. 
EOP ANNEL ENHANCEMENT (2) Pulse Width < 300 us, Duty Cycle < 2.0%. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ Max | Unit | 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = Maximum Rating, Vas = 0) 


Gate-Body Leakage Current 
(Vas = 15 V, Vps = 0) 


Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = 0, 1р = 10 pA) 2N6659, MPF6659 
2N6660, MPF6660 

2N6661, MPF6661 


ON CHARACTERISTICS(1) 


T 


Gate Threshold Voltage VGS(Th) 0.8 
(Vps = VGs: Ip = 1.0 mA) 
Drain-Source On-Voltage VDS(on) 

(VGs = 10 V, Ip = 1.0 A) 2N6659, MPF6659 — — 1.8 
2N6660, MPF6660 == = 30 
2М6661, МРҒ6661 


5.0 V, Ip = 0.3 А) 


2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


Static Drain-Source On Resistance rDS(on) 

(VGs = 10 Vdc, Ip = 1.0 Adc) 2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


(VGs = 


On-State Drain Current 
(Vps = 25 V, VGs = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 
Input Capacitance 

(Vps = 25 V, VGs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 25 V, VGs = 0, f = 1.0 MHz) 
Output Capacitance 

(Vps = 25 V, VGs = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | Min | тур | Mex | unt | 


SWITCHING CHARACTERISTICS(1) 


Fall Time 


gc — Up ee гі 


Turn-Off Time 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 
+ 25 V 


To Sampling Scope от 
50 0 Input 


Pulse Generator 


Output y 
Inverted E 


Input Vin 


FIGURE 4 — ON-REGION CHARACTERISTICS 


Vgsith}. THRESHOLD VOLTAGE 
IDIon), DRAIN CURRENT (AMPS) 


50 
Ty, JUNCTION TEMPERATURE Vps. DRAIN-TO- SOURCE VOLTAGE (VOLTS) 
FIGURE 5 — OUTPUT CHARACTERISTICS FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


" “шиш - || ГИТЕ 
Е = СЕСЕ 

Е Ва = 

Е Е __ 

= За || 

< < 

š S ai 

Е 2 == 

Ln i FI n 
0 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps: DRAN: TO-SOURCE VOLTAGE (VOLTS) 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 


FIGURE 7 — ON-VOLTAGE versus TEMPERATURE 


10 ————— 
[ELE E сЕ ЕЕ. = — 1р = 15А] 


VpS(on). DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


01 [^p рар 


-0 -3 -10 о 3 9 70 39 110 130 150 
Ty, JUNCTION TEMPERATURE (°C) 
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3N128 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C пу е: 

Operating and Storage Junction Tj, Tstg | -65% +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Chaatese [м | Me | шй | 


MOSFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Gate Reverse Current 


Gate-Source Breakdown Voltage(1) V(BR)GSS Vdc 
(IG = —10 „Adc, Vps = 0) 
nAdc 
(VGs = -8.0 Мас, Vps = 0) 
(VGs = -8.0 Мас, Vps = 0, TA = 125°C) 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 15 Vdc, Ip = 50 џАдс) 


ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(2) 
(Vps = 15 Мас, Vas = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance Кі штћоз 
(Vps = 15 Мас, Ip = 5.0 mAdc, f = 1.0 kHz) 

Input Admittance Relyjs) 800 umhos 
(Vps = 15 Vde, Ip = 5.0 mAdc, f = 200 MHz) 

Output Conductance Relygs) штћоз 
(Vps = 15 Мас, 16 = 5.0 mAdc, f = 200 MHz) 

Forward Transconductance Relyfs) umhos 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 

Input Capacitance Ciss 7.0 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 MHz) 


Reverse Transfer Capacitance pF 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 


H" I 


Power Gain 
(Vps = 15 Vdc, ID = 5.0 mAdc, f = 200 MHz) 


(1) Caution Destructive Test, can damage gate oxide beyond operation. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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3N128 
TYPICAL CHARACTERISTICS 
(Ta = 25°C) 


FIGURE 1 — DRAIN CHARACTERISTICS FIGURE 2 — TRANSFER CHARACTERISTICS 


20 - | E 
Vps = 15 Vde -4— —34 


Ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 


| “чы 
0 5.0 10 15 20 0 -1.0 -2.0 -3.0 -4.0 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 


TYPICAL 1 kHz DRAIN CHARACTERISTICS 
(TA = 25°C, Vps = 15 Мас, f = 1.0 kHz) 


FIGURE 3 — FORWARD TRANSADMITTANCE FIGURE 4 — FORWARD TRANSADMITTANCE 
versus GATE BIAS VOLTAGE versus DRAIN CURRENT 


|vts.|FO RWARD TRANSADMITTANCE (mmhos) 


lvts|FORWARD TRANSADMITTANCE (mmhos) 


0 -10 -2.0 -3.0 -40 “1.0 2.0 30 4.0 
VGS, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (mA) 


TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE CHARACTERISTICS 
(TA = 25°C, Vpg = 15 Vdc, f = 200 MHz) 


FIGURE 5 — INPUT ADMITTANCE (yis) COMPONENTS FIGURE 6 — FORWARD TRANSADMITTANCE (yr; COMPONENTS 
40 


(mmhos) 


(mmhos) 


3.0 


2.0 


gis, INPUT CONDUCTANCE 
bis, INPUT SUSCEPTANCE 


gts, FORWARD TRANSCONDUCTANCE 
bfs, FORWARD SUSCEPTANCE 


0 2.0 4.0 6.0 8.0 10 
Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
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3N128 


FIGURE 7 — REVERSE TRANSADMITTANCE (yrs) COMPONENTS FIGURE 8 — OUTPUT ADMITTANCE (yos) COMPONENTS 
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FIGURE 9 — POWER CAIN AND NOISE FIGURE FIGURE 10 — POWER GAIN AND NOISE FIGURE 
versus DRAIN CURRENT versus DRAIN VOLTAGE 


24 


f = 200 MHz 
Vos= 15 Vdc 


~ 
е 


Pg, POWER GAIN (dB) 
a 
> 
е 
(8P) 381913 3SION '3N 
Pg, POWER GAIN (dB) 
(яр) 3801913 3SION ‘AN 


~ 


0 2.0 4.0 6.0 8.0 10 0 6.0 12 18 24 
Ip, DRAIN CURRENT (mA) Vp, DRAIN VOLTAGE (VOLTS) 


FIGURE 11 — THIRD ORDER INTERMODULATION DISTORTION 


3RD ORDER 
Vos = 15 Vdc 
Н = 200.5 MHz POINTS 
#2 = 201 MHz 


Figure 11 shows the typical third order intermodulation dis- 
tortion (IMD) performance of the 3N128 at 200 MHz. 

Both fundamental output and third order IMD output charac- 
teristics are plotted. The curves have been extrapolated to show 
the third order intermodulation output intercept point. 

Performance for drain currents from 1055 to 0.1 1058, is given. 
The power gain and noise figure test amplifier shown in Figure 12 
was used to generate the IMD data. 


OUTPUT POWER PER TONE (dBm) 


un 
3RD Rn aad ‘iii 


-180 -160 -140 -120 -100 -80 -60 -40 -20 0 +20 
INPUT POWER PER TONE (dBm) 


FIGURE 12 — POWER GAIN, NOISE FIGURE AND INTERMODULATION DISTORTION TEST CIRCUIT 


0.5-3.0 pF 


OUTPUT 
RL=502 


L1= 4-1/2 turns #20 AWG wire, 3/16" diameter, 
approximately 1/2” long, tapped 1 turn from 

INPUT ground end. 

Rg = 50 £2 L2 = 3-1/2 turns #20 AWG wire, 3/8” diameter, 
approximately 1/2" long 

*Leadless-type disc capacitor 

ANeutralization fixed for a Transistor having a 
Typical value of Crss (0.13 pF) 
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3N155 
3N156 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


MOSFET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


Drain Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 2.0 mW/°C 


Junction Temperature Range Tj —65 to +175 С 
Storage Channel Temperature Range Tstg —65 to +175 °C 


Refer to 3N157 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Тур | Mex | unt | 
|Vegosx | - | = | — | ve | 
(Vps = - 10 Vdc, Vas = 0) 


-1.0 nAdc 
(Vps = —10 Мас, Vas = 0, ТА = 125°C) 
Gate Reverse Current (Vgs = +50 Vdc, Vps = 0) +1000 pAdc 
(VGs = +25 Мас, Vps = 0) +10 


Resistance Drain Source (lp = 0, VGs = 0) "DS (off) 1х 10+10 | — | - | Ohms | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (lp = —10 uAdc, VG = Vs = 0) 


Zero-Gate-Voltage Drain Current 


Resistance Gate Source Input (Vas = -25 Vdc) | Res | — |1х10:16 
Gate Forward Leakage Current (Vgs = —50 Vdc, Vps = 0) Ге) — 1000 pAdc 
(Vas = -25 Мас, Vps = 0) —10 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vps = – 10 Мас, ID = —10 џАдс) 3N155 VGS(Th) E TESC IR 

3N156 
Drain-Source On-Voltage (lp = —2.0 mAdc, Vas = —10 Мас) VDS(on [| — | — | - | ме | 
Static Drain-Source On Resistance (lp = 0 mAdc, Vgs = -10 Мас) | троп) | — | — | 600 | Ohms | 
On-State Drain Current (Ур = -15 Мас, Vas = —10 Мас) | Dom | -50 | 
SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance гаѕ(оп) 
(VGs = – 10 Мас, Ip = 0, f = 1.0 kHz) 
(Ves = – 15 Мас, Ip = 0, f = 1.0 kHz) 


Forward Transfer Admittance 
(Vps = -15 Мас, lp = -2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = —15 Мас, Vas = – 10 Мас, f = 140 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 0, f = 140 kHz) 


Drain-Substrate Capacitance 
(Vp(suB) = —10 Мас, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay 
(Мор = -10 Vde, ID(on) = -2.0 mAde, 


Turn-Off Delay VGS(on) = —10 Мас, VGS(off) = 0) 
Fall Time 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-78 


3N157 
3N158 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


MOSFET 
AMPLIFIER AND SWITCHING 


P-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C* 


Junction Temperature Range* —65 to +175 
Storage Channel Temperature Range* —65 to +175 


*JEDEC Registered Limits 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | Mex | Uni | 
venos | -3 | — | — | ve | 


nAdc 
иАдс 
рАдс 
пАдс 


Мас 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (lp = - 10 uAdc, VG = Vs = 0) 


(Vps = —15 Мас, VGs = 0) 
(Vps = —35 Мас, Vas = 0) 


Gate Reverse Current* (VGs = +25 Мас, Vps = 0) 
(VGs = +50 Мас, Vps = 0) 


Input Resistance (Vgs = —25 Vdc) 


Zero-Gate-Voltage Drain Current 


Gate Source Voltage* 
(Vps = -15 Мас, Ір = -0.5 mAdc) 3N157 


— 25 Мас, Vps = 0) 


Gate Forward Current* (VGS 


(VGs = —50 Мас, Vps = 0) 
(VGs = -25 Мас, Vps = 0, Ta = +55°С) 
(VGs = -50 Мас, Vps = 0, Ta = +55°С) 


ON CHARACTERISTICS 


Gate Threshold Voltage* 
(Vps = —15 Мас, Ip = -10 wAdc) 


On-State Drain Current* 
(Vps = -15 Мас, Vgs = —10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* УБ] 4000 штһов 

(Vps = —15 Vde, lp = -2.0 mAdc, f = 1.0 kHz) 

Output Admittance* lYosl штћоѕ 
(Vps = – 15 Vdc, Ір = – 2.0 mAdc, f = 1.0 kHz) 

Input Capacitance* Ciss 
(Vps = —15 Мас, Vas = 0, f = 140 kHz) 

Reverse Transfer Capacitance* Crss 1.3 
(Vps = —15 Мас, Vas = 0, f = 140 kHz) 

Drain-Substrate Capacitance Са(виђ) pF 
(Vp(SUB) = —10 Vdc, f = 140 kHz) 


МЕНА üu 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


Noise Voltage 
(Rs = 0, BW = 1.0 Hz, 

Vps = —15 Vdc, lp = - 2.0 mAdc, f = 100 Hz) 
(Rg = 0, BW = 1.0 Hz, 

Vps = -15 Vdc, lp = -2.0 тАдс, f = 


*JEDEC Registered Limits 


1.0 kHz) 
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3N157, 3N158 


FIGURE 1 — FORWARD TRANSCONDUCTANCE 


10,000 ——— or 
uY ks 


— — — Minimum 


iM 


| 


ШІ 
ШЕНГЕН 


\ 
\ 


Ју, FORWARD TRANSFER ADMITTANCE (umhos) 


0.5 1.0 
Ip, DRAIN CURRENT (mA) 


FIGURE 3 — FORWARD TRANSCONDUCTANCE 
versus TEMPERATURE 
E HERES: Г 


— — — Designers Limits 
Typical 


% CHANGE ІМ lyfsl 
NORMALIZED AT 25°C 
e 


25 
TA, AMBIENT TEMPERATURE (06; 


FIGURE 5 — "ON" DRAIN-SOURCE VOLTAGE 


ТА = 25°C 
+ 


+ 
= Maximum 
Typical 


— 90% Curve 


vns, DRAIN-SOURCE VOLTAGE (VOLTS) 


0 
0 -20 


40 


-6.0 -80 -10 -12 -M 
VGs, GATE-SOURCE VOLTAGE (VOLTS) 


-16  -18 
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1уоз | , OUTPUT CONDUCTANCE (umhos) 


Ip, DRAIN CURRENT (mA) 


en, EQUIVALENT INPUT NOISE VOLTAGE (uV/ 4 Hz) 


FIGURE 2 — OUTPUT TRANSCONDUCTANCE 


0.5 1.0 
Ip, DRAIN CURRENT (mA) 


FIGURE 4 — BIAS CURVE 


-40 -6.0 -8.0 -10 


VGs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 6 — EQUIVALENT INPUT NOISE VOLTAGE 


1000 
f, FREQUENCY (Hz) 


SMALL-SIGNAL DEVICES 


3N157, 3N158 


SWITCHING CHARACTERISTICS 
(TA = 25°C) 
FIGURE 7 — TURN-ON DELAY TIME FIGURE 8 — RISE TIME 


tr, RISE TIME (ns) 


“at Vos = Vgs = -10 V and -15 У — Vps = VGs = -10 V 
š ЕТУ 
= -- 


И ғасы: 


191, TURN-ON DELAY TIME (ns) 


ID, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
FIGURE 9 — TURN-OFF DELAY TIME FIGURE 10 — FALL TIME 
z EIS 
z sss 
š p: 
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E z === 
a Е Е 
Е š = 
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Ë || 
; ЕЕ 
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Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
FIGURE 11 — SWITCHING CIRCUIT and WAVEFORMS 

ў The switching characteristics shown above were measured 

DD in a test circuit similar to Figure 11. At the beginning of the 

как 196 switching interval, the gate voltage is at ground and the gate 

SET Vps = 10 V V OUTPUT TO SAMPLING source capacitance (Cgs * Crss * Crss) has no charge. The drain 

OSCILLOSCOPE voltage is at Vpp and thus the feedback capacitance (Св) is 

ІН 45k 50 charged to Vpp. Similarly, the drain substrate capacitance 


(Са(виђ)) is charged to Vpp since the substrate and source are 
connected to ground. 

During the turn-on interval Сав is charged to VGs (the input 
voltage) through Rg (generator impedance) (Figure 12). Crss 
must be discharged to VGs * Vp(on) through RG and the par- 
allel combination of the load resistor (Rp) and the channel 
resistance (газ). In addition, Ca(sup) is discharged to a low 
value (Vp(on)) through Rp in parallel with гдз. During turn-off 
45 — this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
10% the channel resistance (rgs) is a function of the gate source 
Р tat voltage (VGs). As Cgs becomes charged VGs is approaching 
Vin and гдз decreases (see Figure 5) and since Crss and Са(зиь) 
are charged through rds, turn-on time is quite non-linear. 
90% If the charging time of Cgs is short compared to that of Crss 
-10V and Cq(sub), then газ (which is in parallel with Rp) will be low 
s 


Vin tr = tf < 2.0 ns 
PW = 10 us 
DUTY CYCLE < 2.0% 


compared to Rp during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn- 
Off где will be almost an open circuit requiring Crss and Cq(sub) 
to be charged through Rp and resulting in a turn-off time that 
is long compared to the turn-on time. This is especially no- 
ticeable for the curves where Rg * 0 and Сд is charged through 
the pulse generator impedance only. 
Ro The switching curves shown with Rg * Rp simulate the 
switching behavior of cascaded stages where the driving 
| source impedance is normally the same as the load impedance. 
= Cos Савы) | The set of curves with RG * 0 simulates a low source impedance 
= — "mda — drive such as might occur in complementary logic circuits. 


FIGURE 12 — SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 
-VoD 
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3N169 
3N170 
3N171 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to 2N4351 for graphs. 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C mW 
Derate above 25°C mW^C 


Junction Temperature Range 
Storage Temperature Range 


TJ 175 “© 
—65 to +175 ap 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ip = 10 дАдс, Vas = 0) 
Zero-Gate-Voltage Drain Current 
(Vps = 10 Мас, Vas 
(Vps = 10 Мас, Vas 


Gate Reverse Current 
(VGs = -35 Мас, Vps = 0) 
(VGs = —35 Vde, Vps = 0, Ta = 125°C) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 Мас, Ip = 10 џАдс) 


ин 
eo 


= 125°C) 


Drain-Source On-Voltage 
(1р = 10 mAdc, VGs = 10 Мас) 


On-State Drain Current 
(VGs = 10 Vdc, Vps = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 

(Vas = 10 Vdc, Ip = 0, f = 1.0 kHz) 
Forward Transfer Admittance 

(Vps = 10 Vdc, ID = 2.0 mAdc, f = 1.0 kHz) 
Input Capacitance 

(Vps = 10 Мас, VGs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 0, Vas = 0, f = 1.0 MHz) 
Drain-Substrate Capacitance 

(Мр(5ив) = 10 Мас, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
Turn-Off Delay Time 


Вс” = 50 Ohms) 
See Figure 1 


Fall Time 


MOTOROLA SEMICONDUCTORS 


(Vpp = 10 Мас, Ip(on) = 10 mAdc, 
VGS(on) = 10 Мас, Уб<(оН) = 0, 


V(BR)DSX 


Ipss 
pAdc 
| m | | 
| — 100 
VGS(Th) Vde 
3N169 0.5 1.5 
3N170 1.0 2.0 
3N171 1.5 3.0 
VDS(on) - 2.0 Vde 
ID(on) 10 -- mAdc 


Tds(on) 
југа 
Ciss 


Crss 
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3N169, 3N170, 3N171 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 
vop 


RL= ix ~(tds(on) +50) 0.001 Е 


I TO 50 OHM 
SCOPE Aj —- VGSlon) SCOPE B 
0.1 uF 
—— — Уб5(о) PULSE 
td(on) GENERATOR 
td(off) 
TO 50 OHM 
бирт $СОРЕ А 
el н 
UT PULSE: 3 TEKTRONIX 567A 

tr <0.33 ns DT m = OR EQUIVALENT 

tf < 0.33 ns asss 

PW = 0.4 us Zin < 50 Ohms 

Duty Cycle < 1.0% 
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3N201 
3N202 
3N203 


MAXIMUM RATINGS 
CASE 20-03, STYLE 9 | м [| Symbol | Маше | 
TO-72 (TO-206AF) 


in- | vos | 25 | Vd | 
VpG2 
[mancum — | í | s | таё | 
Gate Current 161 +10 mAdc 
162 +10 
Total Device Dissipation @ Ta = 25°C Pp 360 mW 
Derate above 25°C 2.4 mW/°C 
Total Device Dissipation @ Tc = 25°C 1.2 Watt 
Derate above 25°C 8.0 mW/^/C 
Lead Temperature TL 300 


Junction Temperature Range —65to +175 
Storage Channel Temperature Range Те —65 to +175 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to MPF201 for additional graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Тур | Max | Unit | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX 
(Ip = 10 дАдс, Vs = 0, VG1S = VG2s = —5.0 Мас) 
Gate 1-Source Breakdown Voltage(1) V(BR)G1SO 
(Ig1 = +10 mAdc, VG2s = Vps = 0) 
Gate 2-Source Breakdown Voltage(1) V(BR)G2SO 
162 = +10 mAdc, Va1s = Vps = 0) 
Gate 1 Leakage Current 
(VG1s = =5.0 Мас, VG2s = 
(VG1s = —5.0 Мас, VG2s = 
Gate 2 Leakage Current 
(VG2s = +5.0 Мас, Ус15 = 
(VG2s = -5.0 Мас, VG1S 150°C) 
Gate 1 to Source Cutoff Voltage VG1S(off) 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 20 wAdc) 
Gate 2 to Source Cutoff Voltage VG2S\(off) 
(Vps = 15 Vdc, Va1s = 0, Ip = 20 Adc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 
(Vps = 15 Мас, Vg1s = 0, VG2s = 4.0 Мас) 3N201,3N202 
3N203 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 
(Vps = 15 Мас, Vg2g = 4.0 Мас, Уз15 = 0, f = 1.0 kHz) 3М201,3М202 
3N203 
Input Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = Ipss, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 10 mAdc, f = 1.0 MHz) 
Output Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Vdc, lp = 105$, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 
(Vpp = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 3N203 
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3N201, 3N202, 3N203 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symb! | Min | Тур | Мах | Unit | 


Common Source Power Gain 
(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 
(Vpp = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 3N203 
(Vpp = 18 Мас, Но = 245 MHz, ВЕ = 200 MHz) (Figure 2) 3N202 


Bandwidth 
(Мор = 18 Vdc, Усс = 7.0 Мас, f = 200 MHz) (Figure 1) 
(Vpp = 18 Мас, Но = 245 MHz, fRF = 200 MHz) (Figure 2) 
(Vpp = 18 Мас, Усс = 6.0 Мас, f = 45 MHz) (Figure 3) 


Gain Control Gate-Supply Voltage(4) VGG(GC) 
(Vpp = 18 Мас, AGps = -30 dB, f = 200 MHz) (Figure 1) 
(Мрр = 18 Мас, AGps = —30 dB, f = 45 MHz) (Figure 3) 


(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(2) Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 

(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 

(4) AGps is defined as the change in Gps from the value at VGG = 7.0 volts (3N201) and VGG = 6.0 volts (3N203). 

(5) Power Gain Conversion 


FIGURE 1 — 200-MHz TEST CIRCUIT SCHEMATIC 
FOR 3N201 


0.001 uF T 


10k TUT 
To 75-2 
0.001 pF сова 
From 75-82 
оше 0.001 uF 
C1 4.0-30 pF, ERIE Variable Ceramic, Set for « 22 pF 
c2 4.0-30 pF, ERIE Variable Ceramic, Set for = 10 pF 
L1 4 Turns, #14 AWG Cooper, 1/4" 1.0., 1/6” Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4” I.D., 1/8” Pitch 
RFC DELEVAN No. 153712, 1.0 uH 
FIGURE 2 — 200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
245 MEE FOR 3N202 
Local Oscillator 

Input(1) 

2.2 pF 
From 50-0 
Source 
45.MHz 
IF Output 

200-MHz — 9 

RF Input 

From 75-2 То 75-2 

Source Load 
O+18 V 
91k , " 
(1) Amplitude at Input from Local Oscillator ~ 3 V RMS ст  V1570pF,ERIE Véárinble Ceramic, Settar = 4. 7;pF. 
L1 4 Turns, #14 AWG Copper, 1/4" I.D., 1/6” Pitch 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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3N201, 3N202, 3N203 


FIGURE 3 — 45-MHz TEST CIRCUIT SCHEMATIC 
3N203 
: TUT 


Vac © 


From 50-22 
Source 


L1 


To 50-2 


Load 


0.001 uF 


0.001 uF 


= О +18 V 


14 Turns, #30 AWG Copper, Close-Wound 7/32” OD form with 


ARNOLD ENGINEERING “J” Tuning Core 


L2 


10 Turns, #30 AWG Copper, Close-Wound 7/32'' OD form with 


ARNOLD ENGINEERING “J” Tuning Core 


TYPICAL CHARACTERISTICS 


FIGURE 4 — DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 


ID, DRAIN CURRENT (mA) 


40 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


60 80 10 12 14 16 18 


FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT 
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ps=15V 
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FIGURE 5 — DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 


Ip, DRAIN CURRENT (mA) 


-1.0 -0.5 Ü 
VG1s, GATE-ONE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 7 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-ONE to SOURCE VOLTAGE 


\Yfs, FORWARD TRANSFER ADMITTANCE (mmho) 


-1.0 
№615. GATE-ONE to SOURCE VOLTAGE (VOLTS) 


-0.5 0 *0.5 
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FIGURE 8 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-TWO to SOURCE VOLTAGE 


IYfsi, FORWARD TRANSFER ADMITTANCE (ттћо) 


VG2s, GATE-TWO to SOURCE VOLTAGE (VOLTS) 


TYPICAL C 


FIGURE 10 — COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus DRAIN CURRENT 


-1.0 0 +1.0 +2.0 *3.0 +4.0 


FIGURE 9 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus 
GATE-TWO-to-SOURCE VOLTAGE 


— -- 
\0$ = 15V 1.1 
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\61$ =0 V 

1088 = 12.8 

f= 1.0 MHz 
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m 
= 


т 
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+ Ciss + 
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о 
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Ciss, INPUT CAPACITANCE (pF) 
Coss, OUTPUT CAPACITANCE (pF) 
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У625, GATE-TWO-to-SOURCE VOLTAGE (VOLTS) 


HARACTERISTICS 


FIGURE 11 — COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE — 3N201 


28 
26 m + 
24 
22 | A 
= Мрр = 18 Мас со 
за M | | = f = 200 MHz = 
ш> 18 T = Circuit in Figure 1 = 
az 16 Vps = 15 V - = BW = 7.0 MHz дә 
re 14 \625 = 4.0 V 5 10$$ = 12.8 тА = 
шш f 200 MHz T ш 
= 12 Adjusted VG15 for Ip = = 
== 10 1055 = 12.8 mA = = 
EG 80 H 22 
6.0 
4.0 
20 
0 -4 
0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 -30 -20 -10 0 +10 +20 +30 +40 +50 +650 +70 
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3N201, 3N202, 3N203 


FIGURE 14 — SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE — 3N203 


Vop=18V 
f = 45 MHz 


Circuit in Figure 3 FT 
ви авми 1 


1055 = 12.8 mA 


Gps, POWER GAIN (dB) 
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TYPICAL CHARACTERISTICS 


FIGURE 15 — SMALL-SIGNAL GATE ONE FORWARD FIGURE 16 — SMALL-SIGNAL GATE ONE INPUT 
TRANSFER ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
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FIGURE 17 — SMALL-SIGNAL GATE ONE OUTPUT 
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3N204 
3N205 


MAXIMUM RATINGS CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


DUAL GATE 
MOS-FET 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(1р = 10 дА, Va1 = VG2 = —5.0 V) 

Gate 1-Source Breakdown Voltage V(BR)G1SO +6 +30 Vde 
(161 = +10 mA) Note 1 

Gate 2-Source Breakdown Voltage V(BR)G2SO +6 +30 Vdc 
(162 = +10 mA) Note 1 

Gate 1 Leakage Current +10 nA 
(VG1s = =5.0 V, VG2s = Vps = 0) 

Gate 2 Leakage Current +10 
(VG2s = +5.0 V, Va1S = Vps = 0) 

Gate 1 to Source Cutoff Voltage VG1S(off) Vde 
(Vps = 15 V, VG2s = 4.0 V, 16 = 20 мА) 

Gate 2 to Source Cutoff Voltage VG2S (off) Vde 
(Vps = 15V, Va1s = OV, Ip = 20 дА) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vps = 15 V, VG2s = 40 V, Мс̧15 = 0 V) 

SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, Vegas = 4.0 V, VG1s = 0 V, f = 1.0 kHz) Note 2 


Input Capacitance 
(Vps = 15 V, VG2s = 4.0 V, Ip = Ipss, f = 1.0 Mhz) 


Reverse Transfer Capacitance 
(Vps = 15 V, Va2s = 4.0 V, Ip = 10 mA, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 V, VG2s = 4.0 V, Ip = 1055, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 V, VGG = 7.0 V, f = 200 MHz) 
(Vps = 15 V, Va2s = 4.0 V, 16 = 10 mA, f = 450 MHz) 


Common Source Power Gain 


(Vpp = 18 V, VGG = 7.0 V, f = 200 MHz) 
(Vps = 15 V, VG2s = 4.0 V, Ір = 10 mA, f = 450 MHz) 
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3N204, 3N205 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Bandwidth BW 
(Vpp = 18 V, Усс = 7.0 V, f = 200 MHz) 3N3204 7.0 12 
(Vpp = 18 V, fLO = 245 MHz, fRF = 200 MHz) (Note 4) 3N205 4.0 7.0 
Gain Control Gate-Supply Voltage (Note 3) VGG(GC) Vdc 
(Vpp = 18 V, AGPS = 300 dB, f = 200 MHz) 3N204 
Conversion Gain (Note 4) G(conv.) 17 
(Vpp = 18 V, НО = 245 MHz, fRF = 200 MHz) 3N205 


*PW = 30 usec, Duty Cycle = 2.0%. 

(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This insures that the gate voltage limiting 
network is functioning propertly. 

(2) This parameter must be measured with bias voltages applied for less than five (5) seconds to avoid overheating. 

(3) AGps is defined as the change іп Gps from the value at VGG = 7.0 V. 

(4) Amplitude at input from local oscillator is 3 volts RMS. 
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MAXIMUM RATINGS 


3N209 
MPF209 


3N209 
CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


a 


Gate Current 


MPF209 
CASE 317-01, STYLE 1 


>e 


DUAL-GATE 
MOSFET 
UHF COMMUNICATIONS 


N-CHANNEL — DEPLETION 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 


300 mW 
1.71 тМ//?С 
@ Tc = 25°C 


mW 
Derate above 25°C mW^C 
Lead Temperature, 1/16" From Seated TL °С 
Surface for 10 seconds 
Storage Channel Temperature Range Tstg —65 to —65 to °С 
+ 175 + 150 


Operating Channel Temperature Tehanne 78 | 150 | ° | 


ELECTRICAL CHARACTERISTICS (Тд = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Тур | Mex | Unit | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(1р = 10 дАдс, VGis = – 4.0 Мас, VG2s = 4.0 Мас) 

Gate 1 — Source Forward Breakdown Voltage V(BR)G1SSF 7.0 Vdc 
(161 = 10 mAdc, Va2s = Vps = 0) 

Gate 1 — Source Reverse Breakdown Voltage V(BR)G1SSR -7.0 Vdc 
(61 = —10 mAdc, VG2s = Vps = 0) 

Gate 2 — Source Forward Breakdown Voltage V(BR)G2SSF 7.0 Vdc 
(162 = 10 тАдс, Уа 15 = Vps = 0) 

Gate 2 — Source Reverse Breakdown Voltage V(BR)G2SSR -7.0 Vde 
(162 = -10 mAdc, VG1S = Vps = 0) 

Gate 1 — Terminal Forward Current 
(Ус15 = 6.0 Мас, VG2s = Vps = 0) 


Gate 1 — Terminal Reverse Current 

(VG1s = -6.0 Мас, VG2s = Vps = 0) 

(VG1s = -6.0 Мас, VG2s = Vps = 0, Ta = 150°C) 
Gate 2 — Terminal Forward Current 

(VG2s = 6.0 Мас, VG1s = Vps = 0) 
Gate 2 — Terminal Reverse Current 

(VG2s = -6.0 Мас, VG1s = Vps = 0) 

(VG2s = -6.0 Мас, VG1S = Vps = 0, Ta = 150°C) 


ON CHARACTERISTICS 
Gate 1 — Zero Voltage Drain Current 

(Vps = 15 Vdc, VG1s = 0, VG2s = 4.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, Va2s = 4.0 Vdc, lp = 10 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, VG2s = 4.0 Мас, Ip = 5.0 тАас, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip = 5.0 mAdc, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip > 5.0 mAdc, f = 1.0 MHz) 


Fee 
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3N209, MPF209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[ ФАТ | | seii] | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, Va2s = 4.0 Мас, ly = 10 mAdc, f = 500 MHz) 


Common Source Power Gain (Figure 12) 


(Vps = 15 Мас, Vgag = 4.0 Vdc, Ip = 10 mAdc, f = 500 MHz) 


*Bandwidth 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 10 mAdc, f = 500 MHz) 


FIGURE 1 — MOS FET CIRCUIT SCHEMATIC 


G2 


G1 s 


TYPICAL SCATTERING PARAMETERS 


FIGURE 2 — S41, INPUT REFLECTION COEFFICIENT FIGURE 3 — $12, REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY versus FREQUENCY 
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3N209, MPF209 


FIGURE 4 — $21, FORWARD TRANSMISSION FIGURE 5 — 522, OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY COEFFICIENT versus FREQUENCY 
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TYPICAL COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vps = 15 Vdc, VGs2 = 4.0 Vdc, Ip = 10 mAdc) 


FIGURE 6 — Y11, INPUT ADMITTANCE FIGURE 7 — Y42, REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY versus FREQUENCY 
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3N209, MPF209 


FIGURE 8 — У21, FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 — Y25, OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 — POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 


NF, NOISE FIGURE (dB) 


The Test Circuit shown in Figure 12 was used to generate Power Gain 


(See Schematic Figure 12) 


VpD = 15 Vdc 
10 = 10 mAdc 
Vg2= 6 Vdc 


30 50 70 100 300 500 700 1000 3000 
Rs, SOURCE RESISTANCE (OHMS) 


and Noise Figure as a function of Source Resistance curves. 


FIGURE 11 — THIRD ORDER INTERMODULATION DISTORTION 
(See Schematic Figure 12) 


OUTPUT POWER PER TONE (dBM) 


-120 


Figure 11 shows the typical third order intermodulation distortion 


-100 


Vos = 15 Мас 
Я = 499 MHz 
#2 = 500 MHz 


Fundamental 
Output 


пера 
ат 
aCe 
РАДА И 


-120 -100 -80 -60 -20 0 
INPUT POWER PER TONE (dBM) 


3rd Order 
IMD Output 


(IMD) performance of the 3N209 and 3N210 at 500 MHz. 


Both fundamental output and third order IMD output characteristics 
are plotted. The curves have been extrapolated to show the third order 


intermodulation output intercept point. 


The performance is typical for |p between 5.0 mAdc and 10 mAdc. 


The test circuit shown in Figure 12 was used to generate the IMD Data. 


Gp, POWER GAIN (dB) 
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SMALL-SIGNAL DEVICES 


3N209, MPF209 


FIGURE 12 — TEST CIRCUIT FOR POWER GAIN, NOISE FIGURE 
AND THIRD ORDER INTERMODULATION DISTORTION 


C1 = 1.0-20 pF, JOHANSON Air Variable Cap. (14.5 pF Nominal) 

C2 = 1.0-10 pF, JOHANSON Air Variable Cap (5.4 pF Nominal) 

C3, C11 = 470 pF, Low Inductance Feedthru Cap. 

C4, C8, C9, C10 = 250 pF, Low Inductance, UNDERWOOD Cap. (J-101) 
C5 = 0.4-6.0 pF, JOHANSON Air Variable Cap. (0.92 pF Nominal) 

C6 = 1.0-10 pF, JOHANSON Air Variable Cap. (5.9 pF Nominal) 

C7 = 1.0-10 pF, JOHANSON Air Variable Cap (3.0 pF Nominal) 

L1 = 2.52 x 0.1 inches | 


® 
On 2 sided glass Teflon, 1 oz. copper clad, 1/16” 
Ең = 2.55 


L2 = 0.4 x 0.1 inches 
L3 = 1.23 x 0.2 inches 


(B Trademark of E.l. Dupont, DeNemours and Co., Inc. 
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3N211 
3N212 
3N2 13 MAXIMUM RATINGS 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


Lead Temperature, 1/16" From Seated 
Surface for 10 seconds 


Junction Temperature Range 
Storage Temperature Range —65 to +175 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to MPF211 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | | Symb! | ма | Mex [м | 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(Ip = 10 дАдс, VG1S = Уб25 = —4.0 Vdc) 3N211,212 
3N213 
Instantaneous Drain-Source Breakdown Voltage)(1) V(BR)DSX Vdc 
(1р = 10 дАдс, VG1S = Ус25 = -4.0 Мас) 3N211,212 27 
3N213 35 
Gate 1-Source Breakdown Voltage(2) V(BR)G1SO +6.0 Vdc 
(Ig1 = +10 mAdc, VG2s = Vps = 0) 
Gate 2-Source Breakdown Voltage(2) V(BR)G2SO +6.0 
(162 = +10 mAdc, Уа 15 = Vps = 0) 
Gate 1 Leakage Current 
(Ус15 = +5.0 Мас, VG2S 
(VG1s = -5.0 Мас, VG2S 
Gate 2 Leakage Current 15255 
(VG2s = “5.0 Мас, VG1S 
(VG2s = —5.0 Vdc, VG1S 150°C) 
Gate 1 to Source Cutoff Voltage VG1S\off) 
(Vps = 15 Мас, VG2s = 4.0 Vdc, Ip = 20 џАдс) 3N211,213 
3N212 
Gate 2 to Source Cutoff Voltage VG2S(off) 
(Vps = 15 Мас, Va1s = 0, Ip = 20 џАдс) 3N211 
3N212,213 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 
(Vps = 15 Мас, Ус15 = 0, VG2s = 4.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(4) 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ус15 = 0, f = 1.0 kHz) 3N211,212 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 10 mAdc, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Мор = 18 Мас, VGG = 7.0 Мас, f = 200 MHz) 
(Мор = 24 Мас, Усс = 6.0 Мас, f = 45 MHz) 3N211,13 
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3N211, 3N212, 3N213 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Common Source Power Gain 
(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) 
(Vpp = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) 
(Vpp = 24 Мас, VGG = 6.0 Мас, = 45 MHz) 


(Vpp = 18 Мас, Но = 245 MHz, ВЕ = 200 MHz) 


Bandwidth BW 
(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) 3N211 
(Мрр = 18 Мас, Но = 245 MHz, far = 200 MHz) 3N212 
(Vpp = 24 Мас, Усс = 6.0 Мас, f = 45 MHz) 3N211,213 


Gain Control Gate-Supply Voltage(5) VGG(GC) 
(Vpp = 18 Vdc, AGps = —30 dB, f = 200 MHz) 3N211 
(Vpp = 24 Vdc, AGps = —30 dB, f = 45 MHz) 2N211,213 


(1) Measured after five seconds of applied voltage. 

(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(3) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 

(4) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to gate 
1 with gate 2 at ac ground. 

(5) AGps is defined as the change in Gps from the value at VGG = 7.0 Volts (3N211) and VGG = 6.0 Volts (3N213). 

(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Сс. 
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BS107,A 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Drain-Source Voltage 


Gate-Source Voltage 


Drain Current 
Continuous(1) 
Pulsed(2) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


current. 
(2) Pulse Width « 


Refer to MFE9200 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 130 V, VGs = 0) 

Drain-Source Breakdown Voltage 
(Ус = 0, Ір = 100 uA) 


Gate Reverse Current 
(VGs = 15 Vdc, Vps = 0) 


ON CHARACTERISTICS* 


Symbol 


V(BR)DSX 


IGSS 


ом 


Total Device Dissipation @ Тс = 25°С 0.6 Watts 
Derate above 25°C 

Operating and Storage Junction Ty, Tstg —55 to 150 
Temperature Range 


(1) The Power Dissipation of the package may result in a lower continuous drain 


300 us, Duty Cycle = 2.0% 


Gate Threshold Voltage 
(Ip = 1.0 mA, Vps = Vas) 


Static Drain-Source On Resistance 


VGS(Th) 


TDS(on) 
BS107 
(VGs = 2.6 V, 16 = 20 mA) 
(VGs = 10 V, Ip = 200 mA) — 
BS107A = 
(VGs = 10 Vdc) 
(Ip = 100 mA) = 
(1р = 250 mA) = 
SMALL-SIGNAL CHARACTERISTICS 
Input Capacitance Ciss = 
(Vps = 25 V, Vas = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss — 
(Vps = 25 V, Vas = 0, f = 1.0 MHz) 
Output Capacitance Coss -- 
(Vps = 25 V, Vas = 0,1 = 1.0 MHz) 
Forward Transconductance Ofs 200 
(Vps = 25 V, Ір = 250 mA) E 
SWITCHING CHARACTERISTICS 
Turn-On Time ton — 
Turn-Off Time toff = 


*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


Typ Max Unit 
— 30 nAdc 


nAdc 
3.0 Vdc 
Ohms 
— 28 
— 14 
4.5 6.0 
4.8 6.4 
72 90 T pF 
2.8 3.5 pF 
15 20 pF 
400 — mmhos 
| 60 | 15 | ns 
12 15 ns 
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SMALL-SIGNAL DEVICES 


BS170 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


TMOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 


Refer to 2N6659 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


x Characteristie | Symbol | Ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 
Gate Reverse Current 
(VGs = 15 V, Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DSS Vdc 
(VGs = 0, Ip = 100 pA) 


ON CHARACTERISTICS(2) 

Gate Threshold Voltage VGS(Th) Мас 
(Vps = Vas, Ip = 1.0 mA) 

Static Drain-Source On Resistance 
(VGs = 10 V, Ір = 200 mA) 

Drain Cutoff Current Ip(off) pA 
(Vps = 25 V, Vas = 0 V) 

Forward Transconductance mmhos 
(Vps = 10 V, Ip = 250 mA) 

SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 10 V, Vas = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ip = 0.2 A) See Figure 1 


Turn-Off Time 
(Ip = 0.2 A) See Figure 1 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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BS170 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 


+ 25 V 


Vin 


To Sampling Scope 
50 0 Input 
Pulse Generator Vout 


1.0 MQ Output |Vout 


Inverted 


(Vin Amplitude 10 Volts) 
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J107, J108 
J109, J110 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[Rating | Symbol | 
Drain-Gate Voltage 
Gate-Source Voltage 


JFET 
GENERAL-PURPOSE 
TRANSISTOR 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation (v TA = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Channel Temperature Range —65 to + 150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristic | Symb! | Ма | тур | Mex | Uni | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Vps = 0,16 = -10 џАдс) 


Gate Reverse Current 
(Vas = - 15 Мас, Vps = 0) 
(Vas = -15 Мас, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Мас, Ip = 10 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15, Vgs = 0) 


Drain-Source On-Resistance TDS(on) 


(Vps < 0.1 V, Vas = 0 V) 
ма шы 
+ 
Csg(on 
Drain Gate Off-Capacitance Cdg(off) 
(Vps = 0 Мас, Vgs = -10 V, f = 1.0 MHz) 
Source Gate Off-Capacitance Csgloff) 
(Vps = 0 Мас, Vas = -10У, f = 1.0 MHz) 


(1) Pulse Duration 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL CHARACTERISTICS 


Drain Gate + Source Gate On-Capacitance 
(Vps = 0 Мас, Vas = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-101 


J107, J108, J109, J110 


FIGURE 1 — COMMON SOURCE INPUT 
CAPACITANCE versus GATE-SOURCE VOLTAGE 
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FIGURE 3 — ON-RESISTANCE versus GATE-SOURCE 
CUTOFF VOLTAGE 


DS(on): Vos = 0.1 
Vas = 0V 


-20 


VGSioff): Vos = 5.0 V 
lp = 1.0 uA 


гоб(опу DRAIN-SOURCE ON-RESISTANCE (OHMS) 


-20 -30 -40 -50 -60 
VGS[off), GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT CHARACTERISTIC 
Vasiort) = -30М 
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FIGURE 2 — COMMON SOURCE REVERSE FEEDBACK 
CAPACITANCE versus GATE-SOURCE VOLTAGE 
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FIGURE 4 — OUTPUT CHARACTERISTIC 
VGs(oft) = —20V 


Ip, DRAIN CURRENT (mA) 
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FIGURE 6 — OUTPUT CHARACTERISTIC 
VGSloff) = —40V 


Ip, DRAIN CURRENT (mA) 
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J107, J108, J109, J110 


FIGURE 7 — OUTPUT CHARACTERISTIC 
VGSiof) = -50У 
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J111 
J112 
J113 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(IG = —1.0 uA) 

Gate Reverse Current 
(Ves = -15 V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 5.0 V, Ip = 1.0 uA) 


Drain-Cutoff Current 
(Vps = 5.0 V, Vas = - 10 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 V) 


Static Drain-Source On Resistance TDS(on) 
(Vps = 0.1 V) 


Drain Gate and Source Gate On-Capacitance 
(Vps = Vas = 0, f = 1.0 MHz) 


Drain Gate Off-Capacitance 
(Vas = -10 V, f = 1.0 MHz) 


Source Gate Off-Capacitance 
(VGs = -10 V, f = 1.0 MHz) 


*Pulse Width = 300 usec, Duty Cycle = 3.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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J174 
J175 
J176 
J177 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


> Mim [же] 
E аа 


Gate Current 


JFET 
Total Device Dissipation @ TA = 25°C CHOPPER TRANSISTOR 
Derate above 25°C 


P-CHANNEL — DEPLETION 
Storage Temperature Range —65 to +150 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic оша | Mm | мә | ши | o 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS кашла 
(Ig = 1.0 мА) 

Gate Reverse Current ШЕ р, | 
(VGs = 20 Volts) 


Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = – 15 У, Ір = -10 nA) А 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -15 V) 


Static Drain-Source On Resistance 
(Vps = - 0.1 Volt) 


*Pulse Width = 300 us, Duty Cycle = 3.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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J201 
1202 
1203 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| іе | Symbol | Маше | Unt | 
| Drain-Source Voltage | Vos | 40 | 
| Drain-Gate Voltage | Ура | 4 | № | 
ECC a l wa. d 
[Gate Curen — |а [| s | m | 


JFET 
LOW FREQUENCY/LOW NOISE 


Total Device Dissipation @ TA = 25°C mW 
N-CHANNEL — DEPLETION Derate above 25°C mW^PC 
Storage Temperature Range —65 to +150 NEN 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unit | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(IG = -1.0 ДА) 
Gate Reverse Current 
(Vas = -20 V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 20 V, Ip = 10 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 V, f = 1.0 kHz) 


*Pulse Width « 2.0 msec. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-106 


J270 
J271 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
_______ њима Г Sym | Vse | Un | 
| Drain-Source Voltage | Vos | æ | ve | 
[DemGeeVotae — | we | æ | № | 
EU _— у GUAE i и 
вместо | ig | 5 | m | 

Total Device Dissipation @ TA = 25°C ЕЖЕ РЕЧ 

Derate above 25°C 3.27 mW/°C 


Storage Temperature Range —65 to +150 | | 


JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Ghum [ Sume | Mm | ми | Um | 6 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(с = 1.0 uA) 

Gate Reverse Current 
(VGs = 20 Volts) 


Gate Source Cutoff Voltage Уа<(он) Vdc 
(Vps = -15V,lp = – 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = -15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = -15 V, f = 1.0 kHz) 


Output Admittance 
(Vps = -15V,f = 1.0 kHz) 


Input Capacitance 
(Vps = -15 V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = -15 V, f = 1.0 MHz) 


*Pulse Width « 2.0 ms. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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J300 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Drain-Gate Voltage 


IG 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Lead Temperature 
(1/16" from Case for 10 Seconds) 


Junction Temperature Range TJ —55 to +150 a 
Storage Temperature Range Теа —55 to +150 Ç 


TL 


° 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = —1.0 мА, Vps = 0) 
Gate Reverse Current 
(VGs = – 15 V, Vps = 0) 


Gate Source Cutoff Voltage 
(Vps = 10 V, Ip = 1.0 mA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, VGs = 0) 


Gate-Source Forward Voltage 


eet жй 


Vdc 


V(BR)GSS 
1555 
-1.0 


Уа5(оЯ) -6.0 


(Vps = 0,16 = 1.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 V, 16 = 5.0 mA, f = 1.0 MHz) 


kora 


mem 
Reverse Transfer Capacitance Crss — 1.7 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 MHz) 


А 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


6-108 


J304 
J305 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Lead Temperature TL © 
(1/16" from Case for 10 Seconds) 
Operating and Storage Junction ТЈ, Tstg | —55 to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x бәкене — — — ü | Symbo | ма | Mex | Unit | 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = 1.0 uA, Vps = 0) 

Gate Reverse Current 
(VGs = -20У, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 У, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V, VGs = 0) 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 
(Vps = 15V, Vas = 0, f = 1.0 kHz) 


Forward Transconductance 
(Vps = 15 V, VGs = 0, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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J308 
J309 
J310 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol | Value Unit 
Vdc 
25 Vdc 
10 mAdc 


Total Device Dissipation @ TA = 25°C Pp 350 mW 
Derate above 25°C 3.5 mW^C 


Junction Temperature Range —55 to +125 
Storage Temperature Range Теа —55 to + 150 °C 
Refer to U308 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Sue | wm | Tw | Max | Ume | 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(IG = —1.0 uA, Vps = 0) 
Gate Reverse Current 
(Ves = -15 V, Vps = 0, Ta = 25°C) 
(VGs = -15V, Vps = 0, TA = +125°C) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 10 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 V, Vas = 0) 


Gate-Source Forward Voltage 
(Vps = 0,16 = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Source Input Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Source Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Gate Power Gain 


(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Source Forward Transconductance 
(Vps = 10 V, ID.= 10 mA, f = 100 MHz) 


Common-Gate Input Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Gate Forward Transconductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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J308, J309, J310 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Common-Gate Forward Transconductance 
(Vps = 10 V, Ір = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Gate-Drain Capacitance 
(Vps = 0, Vas = -10 V, f = 1.0 MHz) 


Gate-Source Capacitance 
(Vps = 0, Vas = -10 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 10 V, Ір = 10 mA, f = 450 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 V, Ip = 10 mA, f = 100 Hz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 3.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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JF1033B 
JF1033S 
JF1033Y 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


вайд — | Symbol | Маше | Unt | 
| Drain-Source Voltage | VWs | æ | Мас | 
| Gate-Source Voltage | Vas | 25 | ve | 
| Drain быте — | (|р | o | m | 
| Forward Gate Current | s | © | т | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C пууес 
Operating and Storage Junction ТЈ, Tstg | —65 to +150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(15 = —10 pA) 
Drain-Source Breakdown Voltage V(BR)DGO 
(Ip = 10 цд) 
Gate Reverse Current IGSS 
(Ves = -10 V, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 10 V, Ip = 10 дА) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, VGs = 0) JF1033Y 


JFET 
HIGH FREQUENCY AMPLIFIER 


N-CHANNEL DEPLETION 


JF1033B 
JF1033S 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance Relyfs) ыр 
(Vps = 10 V, Vas = 0, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure NF = 
(Vps = 10 V, Vas = 0, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE120 
MFE121 
MFE122 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| Rating | $ут | Маше | Unit | 
Drain-Source Voltage 
Drain Curent — | o | 39 | таг | 


Total Device Dissipation @ TA = 25°C 300 mW 
Derate above 25°C 1.7 mW^C 

Operating and Storage Junction Ty, Tstg —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


x Characteristic: | Symb | Ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 


V(BR)DSX Vdc 
(1р = 100 „Adc, Vs = 0, М615 = -40 V, М625 = + 4.0 V) 
Gate 1-Source Breakdown Voltage V(BR)G1SO +7.0 +20 Vdc 
(61 = +10 џАдс, Va2s = 0) 
Gate 2-Source Breakdown Voltage V(BR)G2SO +7.0 +20 Vde 
(162 = +10 uAdc, Ус25 = 0) 
Gate 1 Leakage Current 
(VG1S = +6.0 Мас, У525 = 0, Vps = 0) 
Gate 2 Leakage Current nAdc 
(VG2s = +6.0 Мас, Va1S = 0, Vps = 0) 
Gate 1 to Source Cutoff Voltage VG1S(off) Vdc 
(Vps = 15 Мас, Va2s = 4.0 Мас, Ip = 200 „Адс) 
Gate 2 to Source Cutoff Voltage VG2S(off) Kasa Baal ll 


(Vps = 15 Мас, Ус15 = 0, Ір = 200 uAdc) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = 15 Мас, Ус15 = 0, Va2s = 4.0 Мас) MFE120 
MFE121 
MFE122 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 to Drain) umhos 
(Vps = 15 Vdc, Va2s = 4.0 Vdc, MFE120,22 8000 18,000 
Ip = 10 mAdc, f = 1.0 kHz) MFE121 10,000 20,000 


Input Capacitance 
(Vps = 15 Мас, Уб2$ = 4.0 Мас, MFE120,22 
Ip = 056, f = 1.0 MHz) MFE121 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VG2s = 4.0 Мас, 
Ip = 6.0 mAdc, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, MFE120,22 
ID = !р55, f = 1.0 MHz) MFE121 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MFE120, MFE121, MFE122 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, Ма2в = 4.0 Мас, 
Ip = 6.0 mAdc, 26 is optimized for NF) 
(f = 105 MHz — Figure 1) MFE120 
(f = 60 MHz — Figure 3) MFE121 
(f = 200 MHz — Figure 3) MFE121 


Common Source Power Gain 
(Vps = 15 Vdc, М625 = 4.0 Мас, 
Ip = 6.0 mAdc, 25 is optimized for NF) 
(f = 105 MHz — Figure 1) MFE120 
(f = 60 MHz — Figure 3) MFE121 


(f = 200 MHz — Figure 3) MFE121 


Level of Unwanted Signal for 1.0% Cross Modulation 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip = 6.0 mAdc) 


Common-Source Conversion Power Gain (Gate 1 Injection, Figure 2) 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Local 
Oscillator Voltage — 925 mVrms) 
(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MFE122 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MFE122 


FIGURE 1 — 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


+15 V L1 L2 
Y 60MHz 0.33 uH 0.47 uH 
105MHz | = 16 AWG 6 1/2 Turns, = 16 AWG 5 1/4 Turns, 


1" Long De 1” Long, 7/16" De 
150 k 18 uH 200 MHz | = 16 AWG, 3 1/2 Turns, = 16 AWG, 4 1/2 Turns, 
0.7" Long, 0.2 De 0.65" Long, 0.2" De 


All Feedthrough Capacitors 1000 pf. 
All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 
OPTIONAL AGC o 


50 OHM 
OUTPUT 


3.0-15 pF 
C1 


IF 
LO 44 MHz 
104.244 
MHz 
1 Vrms 
RF 
80.200 
MHz 
T 0.001 „Е 
R1 L1 L2 L3 L4 
10 k | 10 Turns = 22 Enameled 0.33 4H | 15 Turns =25 Enameled 4Turns = 20 Enameled 
on MILLER 4500 4 Core DELEVAN | on MILLER 4500 1 Core on Sure Core as L3 
200 MHz | 1.0 К] 3 1/2 Turns = 18.1/4" 2 1/2 Turns | 15 Turns = 26 Enameled 4 Turns = 26 Enameled 
De. 1/2” Long = 15.3/8" De. | on MILLER 4500 1 Core on Sure Core as L3 
1/2” Long 
All Feedthrough Capacitors 1000 pf. 
All Variable Capacitors JOHANSON ЈМС2951, 3.0-15 pF 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE120, MFE121, MFE122 


FIGURE 3 — 60 AND 200 MHz CONVERSION POWER GAIN 


VGG VDD 
Shield .001 
A iit r eds ---Тт----------- 
| 
1 = 
| 
| 
| 
| 
| 
| 
1 
From 50 2 | To50 Q 
Source ! Load 
1 
| 
| 
.001 T | 
= = = = 4 = = = = 
L4 2% T #18, М” diameter center tapped 
L2 3% T #18, *^s" diameter tapped УТ from cold end 
C = uF unless otherwise specified 
COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip = 6.0 mAdc) 
FIGURE 4 — INPUT ADMITTANCE FIGURE 5 — REVERSE TRANSFER ADMITTANCE 


bis, SUSCEPTANCE (mmhos) 
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= 


gis, CONDUCTANCE (mmhos) 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 6 — FORWARD TRANSFER ADMITTANCE FIGURE 7 — OUTPUT ADMITTANCE 
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MFE120, MFE121, MFE122 


FIGURE 8 — GAIN REDUCTION FIGURE 9 — CONVERSION POWER GAIN 


GAIN REDUCTION (dB) 


0.65 0.95 1.25 1.55 1.85 


0 қ Ë 2 j 
\625. GATE 2 TO SOURCE VOLTAGE (VOLTS) LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (Vrms) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Gate Current 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Channel 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


—65 to +175 °C 
Tstg 


MFE140 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE 
MOSFET 
FM AMPLIFIER 


N-CHANNEL — DEPLETION 


Characteristic | Symb! | Ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(1р = 10 дАдс, Vs = 0, Va1 = -4.0 Мас, VG2 = +4.0 Мас) 


Gate 1-Source Breakdown Voltage 
(Ig1 = +10 дАдс, VG2s = 0) 
Gate 2-Source Breakdown Voltage 
(Ig2 = +10 дАдс, Va2s = 0) 
Gate 1 Leakage Current 
(Ус15 = +6.0 Мас, VG2s = 0, Vps = 0) 


Gate 2 Leakage Current 
(VG2s = =6.0 Vdc, VG1S = 0, Vps = 0) 


Gate 1 to Source Cutoff Voltage 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip = 200 џАдс) 


Gate 2 to Source Cutoff Voltage 
(Vps = 15 Vdc, VG1s = 0, Ip = 200 дАас) 


ON CHARACTERISTICS 


V(BR)G1SO | +7.0 


e IIT 


ай Б БЛЕЗ 
эже | = | = | = | те | 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Va2s = 0, VG2s = 4.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vps = 15 Мас, VG2s = 4.0 Мас, lp = 10 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 1088, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = Ipss, = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Vdc, Ір = Ipss, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Common Source Power Gain (Figure 7) 

(See Test Circuit in Figure 11) 
Level of Unwanted Signal for 1.0% Cross Modulation (Figure 10) 
(See Test Circuit in Figure 11) 


Noise Figure (Figure 8) NF 
(See Test Circuit in Figure 11) 
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MOTOROLA SEMICONDUCTORS 


MFE140 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


[Characteristic | Smb | Min | Тур | Mex | Unit | 
Common-Source Conversion Power Gain (Gate 1 or Gate 2 Injection, Gc 15 
Figure 12) 
(See Test Circuit in Figure 13) 
(Signal Frequency = 100 MHz, Local Oscillator Frequency = 110.7 MHz) 


1/2 I.F. Rejection 1/2 IFREJ 
(See Test Circuit in Figure 13) 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 6.0 mAdc) 


FIGURE 1 — INPUT ADMITTANCE FIGURE 2 — REVERSE TRANSFER ADMITTANCE 


0.035 


0.035 


gis, CONDUCTANCE (mmhos) 
CONDUCTANCE (mmhos) 


bis, SUSCEPTANCE (mmhos) 
95, 


0 
30 40 60 80 100 200 300 
t, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 3 — FORWARD TRANSFER ADMITTANCE FIGURE 4 — OUTPUT ADMITTANCE 


bfs, SUSCEPTANCE (mmhos) 
gos, INPUT CONDUCTANCE (mmhos) 


gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 
hos, INPUT SUSCEPTANCE (mmhos) 


0 0 0 
30 40 60 80 100 200 300 30 40 60 80 100 200 300 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FORWARD TRANSFER ADMITTANCE 
(Vps = 15 Мас, f = 1.0 kHz) 


FIGURE 5 — GATE 1 FIGURE 6 — GATE 2 


"IJ I-II ШЕЙ ШЫР О БЕМ КЕЙ] БЫЛ аа) 
LII TI шш 


ADMITTANCE (mmhos) 


Yfs1, GATE 1 FORWARD TRANSFER 
Pad 
ADMITTANCE (mmhos) 
e 


Yts2, GATE 2 FORWARD TRANSFER 


J -2.0 -1.0 
Уб15. GATE 1 SOURCE VOLTAGE (VOLTS) Уб25, GATE 2 SOURCE VOLTAGE (VOLTS) 
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MFE140 


FIGURE 7 — POWER GAIN FIGURE 8 — NOISE FIGURE 


АЗЕРА E И ae g: 
|| FT Ime | ||) 


NF, NOISE FIGURE (dB) 

Š 

= 

Е 
"EHE 
шиш 

= 

| 


Gps, COMMON SOURCE POWER GAIN (dB) 


ld peq ER] l; 
mum SES mal MON pasas; жала әре URN 
10 gent Sp a Su ДА] 20 
300 400 600 %0 1.0k 20k 30k 300 400 600 _ 800 ТОК 20k 30k 
Rs, SOURCE IMPEDANCE (OHMS) Rs, SOURCE IMPEDANCE (OHMS) 
FIGURE 9 — GAIN REDUCTION FIGURE 10 — CROSS MODULATION 


>= 


GAIN REDUCTION (dB) 


НЕА 


НН 
ПЕШЕНЕНЕ 
НА 


НМ 


-3.0 -20 -1.0 0 1.0 2.0 3.0 4.0 50 6.0 7.0 20 3 40 50 80 90 100 
GATE 2 TO GROUND VOLTAGE (VOLTS) LEVEL OF UNWANTED SIGNAL FOR 1.0% CROSS MODULATION (mV) 


FIGURE 11 — 105 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


RF Output 
2) Zout=50 2 
RF Input 
Zin = 502 
The following component values are for a stern stability factor = 2.0. C2 Nominal 4.0 pF ARCO 402 
L1,L2 126 nH PAUL SMITH CO. SK-138-1 C3 Nominal 13.73 pF ARCO 403 
4-% Turns (yellow) C4 Nominal 4.36 pF JOHANSON JMC2951 
C1 Nominal 7.0 pF Adjusted for source impedance of š ^ 
I D. li i k 
approximately 1000 2, JOHANSON JMC2951 iii is DRACONIS MUN 
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MFE140 


FIGURE 12 — CONVERSION GAIN 


POWER GAIN (dB) 


Gcs, COMMON-SOURCE CONVERSION 


ШЕ ши мк эй дун EE НИ 
"== x” S sss сз За КО zs zo 
; 4 15 2.0 2. 


Vin(RMS), RMS INJECTION VOLTAGE (VOLTS) 


5 


FIGURE 13 — CONVERSION GAIN TEST CIRCUIT 


Local Oscillator Injection 
Vin(RMS) * 2.0 V for G2 
= 0.9 V for G1 

f= 110.7 MHz 


0.001 uF 


Те Output 
+= 10.7 MHz 
Zout = 502 
T 0.001 uF 
L1 126 nH PAUL SMITH CO. SK-138-1 
4-% Turns (yellow) 

L2 2.73 uH High Unloaded Q 

C1 JOHANSON JMC2951 

C4,C5,C6 ARCO 402 

*For G1 injection, C2 is changed to bypass G2 to ground and C3 is 
added to connect G1 to the injection input. 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE140 


PRINTED CIRCUIT BOARD LAYOUT INFORMATION 


FIGURE 14 — TEST FIXTURES 


105 MHz POWER GAIN AND NOISE 
FIGURE TEST CIRCUIT 


RF Output са  0.001uF 270 DUT 
C2 
C1 
сз 
Ferrite 
Beads ы 


0.001nF 47 0.001nF 100к0.001 “Е 120к 82k 


100 MHz to 10.7 MHz CONVERSION 
GAIN TEST CIRCUIT 


100k 120k Ferrite Beads 0.1uF 47 0.001 [Е 
"-——R / 


Local Oscillator Input 
Shown for G2 Injection (2) 


0.001 Е 


150k 


10k 


C4 DUT 270 0.001ыЕ C6 IF Output 


Notes: 
1. C1 is on the bottom side of the board. 
2. For G1 Injection, C2 is changed to bypass 
G2 to ground and C3 is added to connect G1 to 
the injection input. See Figure 13. 
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MFE823 


CASE 22-03, STYLE 11 
TO-18 (TO-206AA) 


MOSFET 


P-CHANNEL — ENHANCEMENT 


Refer to 2N4352 for graphs. 


MAXIMUM RATINGS 


| м [| Symbol | Маше | Unt | 
| Drain-Source Voltage | Vos | 25 | vd | 
| Drain-Gate Voltage | | vw | -0 | ve | 
[DenCurm — || lp | 30 | таг | 


Total Device Dissipation @ TA = 25°C 300 
Derate above 25°C 1.71 bes PC 
Operating and Storage Junction ТЈ, Tstg | —65 to +175 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Ма | Unt | 
Thermal Resistance, Junction to Ambient | выд | 584 | сл | 
Thermal Resistance, Junction to Case | Rac | 25 | cw | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ip = —10 мАас, Vas = 0 Мас) 


Zero-Gate-Voltage Drain Current 
(Vps = - 10 Vdc, VGs = 0) 


Gate Reverse Current 
(VGs = —10 Мас, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = —10 Мас, lp = - 10 дАдс) 


On-State Drain Current 


V(BR)DSX 
Ipss 


IGSS 


VGS(Th) 


ID(on) 


(Vps = -10 Мас, Vgs = - 10 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = -10 Мас, lp = -2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 


(Vps = —10 Мас, Vas = —10 Мас, f = 1.0 MHz) 


Reverse Transfer Capacitance 


(Vps = -10 Мас, Vas = —10 Мас, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS 
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МҒЕ825 


CASE 22-03, STYLE 2 
ТО-18 (ТО-206АА) 


MAXIMUM RATINGS 


Г м ë sms | м» | Um | 
[wwesemw wwe — — | vs | z [| v | 
[guesomevonge | ves | 3 | ve | 
[brain Current — [о | 2 | m | 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW^C 
Junction Temperature Range Cu | Wk | 


Operating and Storage Junction ТЈ, Tstg | -65% +150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symbo | ма | Mex | Unit | 


OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(1р = 1.0 uA, Vas = – 8.0 V) 

Gate Reverse Current pA 
(Ves = -10 V, Vps = 0 V) 

mesa RS Бе АЯ 


MOSFET 


N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 


Gate Source Voltage 
(1р = 1.0 мА, Vps = 2.0 V) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 1.0 
(Vps = 10 V, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance бу == = 
(Vps = 10 V, VGs = 0, f = 1.0 kHz) 
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MFE910 
MPF910 


MFE910 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


Ж 


МРЕ910 
CASE 29-03, STYLE 22 
(ТО-226АЕ) 


ж” 


ТМО5 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to 2N6659 for additional graphs. 


MAXIMUM RATINGS 


Gate-Source Voltage 


Drain Current — Continuous(1) 
Pulsed(2) 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C MPF910 


Total Device Dissipation @ Tc = 25°C 


1.0 
8.0 


ГГ“. жоры [ Um | 


Vdc 
0.5 Adc 
1.0 


Watts 
mW^PC 


Watts 


Derate above 25°C МЕЕ910 50 


(1) The Power Dissipation of the package may result in a lower continuou 
current. 
(2) Pulse Width = 300 us, Duty Cycle = 2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 40 V, Vas = 0) 
Gate Reverse Current 
(VGs = 10 V, Vps = 0) 
Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 100 дА) 
ON CHARACTERISTICS 
Gate Threshold Voltage 
(Vps = VGs: |р = 1.0 mA) 
Drain-Source On-Voltage 
(VGs = 10 V, Ір = 500 mA) 
On-State Drain Current 
(Vps = 25 V, Vas = 10 V) 


Forward Transconductance 
(Vps = 15 V, Ip = 500 mA) 


FIGURE 1 — Ус) NORMALIZED versus TEMPERATURE 


VGS(th}, THRESHOLD VOLTAGE 


"AME NUS MEAE. 
— 50 0 50 
Ty, JUNCTION TEMPERATURE 


MOTOROLA SEMICONDUCTORS 


Symbol Min 


Ipss 
1555 


V(BR)DSS 


VGS(th) 


VDS(on) 


ID(on) 


9fs 


Полу, DRAIN CURRENT (AMPS) 


1.0 


Ë 2.0 Ў 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


3.0 


Operating and Storage Junction ТЈ, Tstg | —55 to +150 °C 
Temperature Range 


mW/C 


s drain 
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MFE910, MPF910 


FIGURE 3 — OUTPUT CHARACTERISTICS FIGURE 4 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


100 


eu gl I e-r] mod 
= ew kL | | О lI ITT T III] j| 
=, = B ТТТ 
© ~ А | РЈУ 4 1] 
= ов = ш 5 | || 
eu | о 
E 04 1 20 

| = ame es ene) ee) | a FT; 

| % раја ои = _- ааа 073 ee 

p^, | | | | 1 T J L l T——— ————so 

0 10 20 30 40 0 10 20 30 40 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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MFE930 
MFE960 
MFE990 


MAXIMUM RATINGS 


ils qui et 
| Drain-Source Voltage — | Vps | 35 | 60 | 9 | V 
| Drain-Gate Voltage | Voe | 


CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


Drain Current 
Continuous(1) 


Pulsed(2) 

Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT (1) The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width = 300 us, Duty Cycle = 2.0% 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Mex | Unit | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = 0, Ip = 10 uA) MFE930 
МҒЕ960 

МЕЕ990 


Gate Reverse Current 
(Vas = 15 Мас, Vps = 


ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current 125$ 
(Vps = Maximum Rating, Vas = 


Gate Threshold Voltage VGS(Th) 
(Vps = VGs: Ip = 1.0 mA) 


Drain-Source On-Voltage (Vgs = 10 V) 
pare MFE930 
MFE960 
МЕЕ990 


(ID = 1.0 A) MFE930 
MFE960 
МЕЕ990 


(1р = 2.0 A) МЕЕ930 
MFE960 
MFE990 


Static Drain-Source On Resistance 
(Ус = 10 Мас, ір = 1.0 Adc) MFE930 
MFE960 
MFE990 


On-State Drain Current 
(Vps = 25 V, Vas = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 


(Vps = 25 V, Vas = 0,f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, VGs = 0, f = 1.0 MHz) 
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MFE930, MFE960, MFE990 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 А) 


*Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 


RESISTIVE SWITCHING 
FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 
+25V 


To Sampling Scope 
50 N Input 


Pulse Generator 


Output Vout 
Inverted 


Input Vin 


10 


0.2 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


L.L. L ВОН 
01 кин Sg še [БЕДЕ eges ИОНЫ Fee) een nt 
-55 -35 -15 +50 2 45 65 85 105 15 145 0 50 10 


20 30 40 50 
Т), JUNCTION TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
FIGURE 5 — TRANSFER CHARACTERISTIC FIGURE 6 — OUTPUT CHARACTERISTIC 
іше ncn Башай кен sapsi ee DNE" жа Pn; 
Fd 8 
= = 
= = 
Е Е 
а а 
= = 
= £ 
& =] mem — 
5 В eee 
= е у = = ШЫНЫ [Jv 
С us tsa ейи mani ama Яши БЕШ ПА 
0 Eque npe EE Sees Deel кен es ee) 
0 10 20 30 40 50 60 70 80 90 10 0 50 10 20 30 40 50 
Vas. GATE-SOURCE VOLTAGE (VOLTS) Урс, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE930, MFE960, MFE990 


FIGURE 7 — SATURATION CHARACTERISTIC 
28 


Коп), DRAIN CURRENT (AMPS) 


04 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE2000 
MFE2001 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Rating Symbol 
Drain-Source Voltage Vps 25 
Drain-Gate Voltage 


Gate-Source Voltage Уа 


[Drain Curent | | mes | 


Total Device Dissipation @ Тс = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| сю | Symb! | ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —1.0 џАдс, Vps = 0) 
VGS(off) 


Gate Reverse Current 

(Vas = -20 Мас, Vps 
(VGs = -20 Vdc, Vps 
Gate Source Cutoff Voltage 


(Ip = 0.5 тАас, Vps = 15 Мас) MFE2000 
MFE2001 


0) 
0, Ta = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Мас, Vas = 0) MFE2000 
MFE2001 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) MFE2000 
MFE2001 


Output Admittance 
(Vps = 15 Мас, Vas = 0,1 = 1.0 kHz) MFE2000 
MFE2001 


Input Capacitance Ciss 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Ip = 4.0 mAdc, f = 100 MHz, Rg = 1.0 k ohm) 
(Vps = 15 Vde, Ip = 4.0 mAdc, f = 400 MHz, Rg = 1.0 k ohm) 


Common Source Power Gain 
(Vps = 15 Vde, Ip = 4.0 mAdc, f = 100 MHz) 
(Vps = 15 Мас, Ір = 4.0 mAdc, = 400 MHz) 
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MFE2004 
MFE2005 
MFE2006 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


[mang [этш | М | Um | 
Drain Source Vonage _ | vos | æ | ve | 
[mimewevomg — | va | № | vé | 
a на ma T Ce] 
Сы | № | mee | 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C М 
Junction Temperature Range | n | —65to + 9) < | 
Storage Temperature Range —65 to +200 m= um 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


Refer to 2N4091 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbo | Ма | Max | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 1.0 дАдс, Vps = 0) 

Gate Reverse Current 
(VGs = 20 Vdc, Vps = 0) 
(VGs = 20 Мас, Vps = 0, TA = 150°C) 


Drain Cutoff Current 
(Vps = 20 Vdc, Vas = 12 Мас) 
(Vps = 20 Мас, Vas = 12 Мас, TA = 150°C) 


Gate Source Voltage 
(Vps = 20 Мас, Ip = 50 wAdc) MFE2004 
MFE2005 
MFE2006 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 20 Мас, VGs = 0) MFE2004 
MFE2005 
MFE2006 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


Drain-Source On-Voltage 
(1р = 3.0 mAdc, Vas = 0) MFE2004 
6.0 mAdc, Vas = 0) MFE2005 
10 mAdc, Vas = 0) MFE2006 


Static Drain-Source On Resistance TDS(on) 


(1р = 1.0 тАдс, Vas = 0) MFE2004 
ui Y 


MFE2005 
50 
30 
pe p 


MFE2006 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ОМ” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) MFE2004 
MFE2005 

MFE2006 


Input Capacitance 
(Vps = 0, Vgs = - 12 Vdc, f = 1.0 MHz) 
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MFE2004, MFE2005, MFE2006 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Reverse Transfer Capacitance 


(Vps = 0, Vas = 6.0 Мас, = 1.0 MHz) MFE2004 
(Vps = 0, Vas = 8.0 Vdc, f = 1.0 MHz) MFE2005 
(Vps = 0, Vas = 12 Vdc, f = 1.0 MHz) MFE2006 
SWITCHING CHARACTERISTICS 
Turn-On Delay Time 
(Vpp = 3.0 Мас, Ip = 3.0 mAdc, VGs = 0) MFE2004 
(Vpp = 3.0 Мас, Ip = 6.0 mAdc, Vas = 0) MFE2005 
(Vpp = 3.0 Мас, Ip = 10 тАдс, Уб5 = 0) MFE2006 


Rise Time 
(Vpp = 3.0 Мас, Ip = 3.0 mAdc, VGs = 0) MFE2004 


(Vpp = 3.0 Мас, Ip = 6.0 mAdc, VGs = 0) MFE2005 
(Мор = 3.0 Мас, ID = 10 mAdc, VGs = 0) MFE2006 


Turn-Off Time 
(Уро = 3.0 Мас, Ip = 3.0 mAdc, VGS(off) = 6.0 Мас) MFE2004 
(Vpp = 3.0 Мас, Ip = 6.0 mAdc, Vas(off) = 8.0 Мас) MFE2005 
(Мрр = 3.0 Мас, Ip = 10 mAdc, VGS(off) = 12 Мас) MFE2006 


*Pulse Test: Pulse Width < 300 us, Duty Cycle « 3.0%. 
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MFE2010 
MFE2011 
MFE2012 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


Refer to J107 for graphs. 


MAXIMUM RATINGS 


Drain-Source Voltage AE XE 


Drain-Gate Voltage 


Gate-Source Voltage 
Forward Gate Current | 80 | тай | 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(Ig = 10 рАас, Vps = 0) 
Gate Reverse Current 
(VGs = 15 Vdc, Vps = 0) 
(VGs = 15 Vdc, Vps = 0, TA = 150°C) 
Drain Cutoff Current 
(Vps = 15 Vdc, Vas 
(Vps = 15 Мас, Vas 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 20 Мас, Vas = 0) 


12 Vdc) 
12 Vdc, TA = 150°C) 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


MFE2010 
MFE2011 
MFE2012 


Gate-Source Voltage 
(Vps = 15 Мас, Ip = 1.0 Adc) 


Drain-Source On-Voltage 
(Ip = 8.0 mAdc, Vas = 0) 
(1р = 15 mAdc, Vas = 0) 
(1р = 30 mAdc, Vas = 0) 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ОМ” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 12 Vdc, f = 1.0 MHz) 


Input Capacitance Ciss — 
(Vps = 0, Vas = 10 Мас, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS 


MFE2010 
MFE2011 
MFE2012 


MFE2010 
MFE2011 
MFE2012 


TDS(on 
MFE2010 


MFE2011 
MFE2012 


MFE2010 
MFE2011 
MFE2012 


Crss 


6-132 


Junction Temperature Range T4 —65 to +175 
Storage Temperature Range Tstg —65 to +200 


VDS(on) 


| Symbol | Value | Unit | 
Em 


1.8 
10 


) 


SMALL-SIGNAL DEVICES 


MFE2010, MFE2011, MFE2012 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


x Characteristic ды | м | Me | unit | 


SWITCHING CHARACTERISTICS 


ть: 


Turn-Off Delay Time 
(Vpp = 15 Vdc, Ip 35 
20 
12 
МЕН ‘ 


8.0 mAdc) MFE2010 
15 mAdc) MFE2011 
30 mAdc) MFE2012 


(Vpp = 15 Мас, Ip 
(Vpp = 15 Мас, Ip 
Fall Time 

(Уро = 15 Мас, Ip 
(Vpp = 15 Мас, Ip 
(Vpp = 15 Мас, Ip = 30 mAdc) 


*Pulse Test: Pulse Width = 300 us, Duty Cycle = 3.0%. 


H H H 


8.0 mAdc) MFE2010 
15 mAdc) MFE2011 
MFE2012 


ІІ 
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MFE3001 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


[м [ыы әш | vw | 
b 


Total Device Dissipation @ TA = 25°C Pp 


FET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic өтіс | Wm | Me | б | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(VGs = -8.0 V, Ір = 10 Adc) 

Gate Reverse Current 1555 
(Vas = - 10 Мас, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) 
(Ips = 1.0 wAdc, Vps = 10 Vdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vas = 0 Мас, Vps = 10 Мас) 


On-State Drain Current 
(VGs = 3.5 Мас, Vps = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 10 Мас, VGs = 0, f = 1.0 kHz) 
Output Admittance 

(Vps = 10 Мас, Vas = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 
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MFE3002 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
Rating Symbol 


Drain-Source Voltage VDS 
Drain-Gate Voltage | we | a] 
Gate-Source Voltage VGS +20 


MOSFET 
CHOPPER 


N-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x  Characteriti: | Symbol | Min | Mex | Un | 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = +10 Мас, VGs = 0) 
(Vps = +10 Мас, VGs = 0, Тс = 125°C) 


Gate Reverse Current IGSS +100 pAdc 
(Vas = +10 Мас, Vps = 0) 

Drain-Source Breakdown Voltage V(BR)DS = Vdc 
(VGs = 0, Ір = 10 uAdc) 


ON CHARACTERISTICS 


Gate Threshold Voltage VGS(TH) Vde 
(Vps = +10 Мас, Ip = 10 дАдс) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance Ciss 
(Vps = +10 Мас, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 0, Vas = 0,1 = 1.0 MHz) 

Drain-Substrate Capacitance Cd(sub) pF 
(VD(SUB) = +10 Vdc, f = 1.0 MHz) 


(VGs = +10 Vdc, Ip = 0, f = 1.0 kHz) 


яс W YEIOVàH8TIWçŠIIOƏŠÉ,ÉçI£ÉI€IÉIIII@@IÉ—IIISIAII IIIIIOYI+IIMIL Se 
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MFE3003 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Drain-Source Voltage Vps 
Drain-Gate Voltage VpG +2 
Gate-Source Voltage VGs +20 


MOSFET 
CHOPPER 


P-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Тс = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Max | Unt | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = 0, 1р = -10 „Адс) 


Zero-Gate-Voltage Drain Current 
(Vps = - 10 Vdc, Vas = 0) 
(Vps = -10 Vdc, Vas = 0, Tc = 125°C) 


Gate Reverse Current 
(VGs = +10 Vdc, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage VGS(Th) — —4.0 Vdc 
(Vps = —10 Мас, lp = — 10 uAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Ves = —10 Мас, Ip = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = - 10 Мас, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = 0, f = 1.0 MHz) 


Drain-Substrate Capacitance 
(Vp(suB) = —10 Мас, f = 1.0 MHz) 
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MFE3004 
MFE3005 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
Rating 


MOSFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Drain Current 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 Characteristic | Symb! | м | Me | ши | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage VIBR)DSX Vdc 
(VGs = -5.0 Мас, lp = 10 дАдс) 
Gate Reverse Current 
(Vas = +15 Мас, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) 
(1р = 10 „Adc, Vps = 15 Vdc) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 10 
(Vps = 15 Мас, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, lp = 2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vas = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Ip = 2.0 mAdc, Rs = 1.8 k ohms, f = 200 MHz) 
(Figure 1) MFE3004 


(Vps = 15 Vdc, Ip = 2.0 mAdc, Rg ~ 650 ohms, f = 400 MHz) 
(Figure 2) MFE3005 


Common Source Power Gain 
(Vps = 15 Мас, Ip = 2.0 mAdc, Rg = 1.8 k ohms, f = 200 MHz) 
(Figure 1) MFE3004 


(Vps = 15 Мас, Ip = 2.0 mAdc, Rg = 650 ohms, f = 400 MHz) 
(Figure 2) MFE3005 
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MFE3004, MFE3005 


FIGURE 1 — 200 MHz TEST CIRCUIT — NEUTRALIZED 


3 1/2 turns AWG #16 


1 1/471, D., 1/2" winding 
| length, tapped at 1/2 turn 
I from drain. 


2 Turns AWG #14, 
1/2 1. D., Tapped at 
1/2 turn from gate, 
0.2" winding length. 


12 1/2 turns AWG #16, 
1/4" |. D., 1.2” winding 
length. 


VGG VDD 


Unless otherwise specified: Capacitance values in pF 


FIGURE 2 — 400 MHz TEST CIRCUIT — NEUTRALIZED 


1/2 turn AWG #14, 1/2 turn AWG #14, 
1/2" |. D., CT 1/271. D... CT 


ма 0.01 „Е 


1M 4 turns AWG #16, 2.0 k 


1/4" |. D., 3/8" 
winding length. 


Уве Мрр 
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MFE9200 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Drain Current 
Continuous (1) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Pulsed (2) 


Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | ма | тур | Mex | Unit | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX 200 Vdc 
(Vas = 0, Ip = 10 uA) 

Gate Reverse Current IGSS nAdc 
(VGs = 15 Vdc, Vps = 0 

ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current І 
(Vps = 200 V, Vas = 0) 


Gate Threshold Voltage VGS(Th) 
(Vps = Vas. Ip = 1.0 mA) 


Drain-Source On-Voltage (VGs = 10 V) 

(Ip = 100 mA) 

(Ip = 250 mA) 

(Ip = 500 mA) 
Static Drain-Source On Resistance 

(VGs = 10 Vdc) 

(Ip = 100 mA) 

(Ip = 250 mA) 

(Ip = 500 mA) 
On-State Drain Current 

(Vps = 25 V, Vas = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 
Input Capacitance 

(Vps = 25 V, VGs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 25 V, VGs = 0,1 = 1.0 MHz) 
Output Capacitance 

(Vps = 25 V, VGs = 0, f = 1.0 MHz) 
Forward Transconductance 

(Vps = 25 V, Ip = 250 mA) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
See Figure 1 


Turn-Off ПЕ 4-20-05. | 
бее ПЕ tee | 1 


* Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-139 


® 


мЕЕ9200 9 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT 


+25V 


Pulse Generator 


Џ 


FIGURE 3 — ON VOLTAGE versus TEMPERATURE 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — TRANSFER CHARACTERISTIC 


\р\оп), DRAIN CURRENT (AMPS) 


0 
0 10 20 30 40 50 60 70 
Vas. GATE-SOURCE VOLTAGE (VOLTS) 


80 90 10 


FIGURE 2 — SWITCHING WAVEFORMS 


To Sampling Scope 
50 N Input 


Output Vout 
Inverted 


FIGURE 4 — CAPACITANCE VARIATION 


C, CAPACITANCE (pl 


0 10 20 30 40 50 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT CHARACTERISTIC 


Ір(оп) DRAIN CURRENT (AMPS) 


0 20 40 60 80 10 12 М 16 18 2 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE9200 


FIGURE 7 — SATURATION CHARACTERISTIC 


š 
< 
= 
Š 
= 
= 
= 
à 
10 20 30 40 50 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFQ930C 
MFQ960C 
MFQ990C 


CASE 632-02, STYLE 1 MAXIMUM RATINGS 


[Drain-Source voege — | vs | 35 | өе | s | 


Vdc 

Drain Current Adc 
Continuous (1) 
Pulsed (2) 


3.0 
Each 
Transistor 
Total Device Dissipation @ TA = 25°C 0.5 

Derate Above 25°C 17.0 


Operating and Storage Junction TJ, Tstg —55 to +150 


Temperature Range 


Total 
Device 


DUAL-IN-LINE 
TMOS 


N-CHANNEL — ENHANCEMENT 


Refer to MFE930 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min Typ Max | Unit | 


V(BR)DSX 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, 1р = 10 uA) МЕО930С 
MFQ960C 

МҒО990С 


Gate Reverse Current (Vas = 15 Vdc, Vps = 0) 
ON CHARACTERISTICS* 
Zero-Gate-Voltage Drain Current (Vps = Maximum Rating, VGs = 0) Ipss 


Gate Threshold Voltage (Ip = 1.0 mA, Vps = Vas) VGS(Th) 


Drain-Source On-Voltage (VGs = 10 V) 
(1р = 0.5 А) MFQ930C 
MFQ960C 
МЕО990С 


(Ip MFQ930C 
MFQ960C 
MFQS90C 


MFQ930C 
MFQ960C 
MFQ990C 


Static Drain-Source On Resistance TDS(on) 
(VGs = 10 Мас, Ip = 1.0 Adc) MFQ930C 
MFQ960C 
МЕО990С 


Input Capacitance 
(Vps = 25 V, VGs = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, VGs = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 


SWITCHING CHARACTERISTICS 
[TumOnTme ООС | — [| 7o | в 


[om | 
[Tumme toe | — | 70 | 39 | т | 
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MPF102 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Vos 
Ура 
VGs JFET 

VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Temperature Range —65 to +150 °C 


Gate-Source Voltage | Ves | 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | Mex | шй | 


(VGs = - 15 Vdc, Vps = 0) 


nAdc 
(VGs = - 15 Мас, Vps = 0, TA = 100°C) pAdc 
Gate Source Cutoff Voltage VGS(off) . Vde 
(Vps = 15 Мас, Ір = 2.0 пАдс) 
Gate Source Voltage VGS 72.5 Vdc 
(Vps = 15 Vdc, Ір = 0.2 mAdc) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 15 Мас, Vas = 0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* 
(Vps = 15 Мас, Vas = 0, f = 1.0 kHz) 
(Vps = 15 Мас, Vas = 0, f = 100 MHz) 


Input Admittance 
(Vps = 15 Мас, Vas = 0, f = 100 MHz) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = —10 „Adc, Vps = 0) 
Gate Reverse Current 


N" H 


Output Conductance 
(Vps = 15 Мас, VGs = 0, f = 100 MHz) 


Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width = 630 ms; Duty Cycle « 10%. 
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MPF108 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Forward Gate Current Геи 27:21 


Total Device Dissipation @ TA = 25°C 

Derate above 25°C awe 
Junction Temperature Range | nmm | —65 to +135 ж ка 
Storage Temperature Range —65 to +150 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic С зитво | Wim | мах | Unit | 
OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage (IG = 10 „Adc, Vps = 0) V(BR)GSS EL | "Бе | "у | 


Gate Reverse Current (Vgs = -15 Vdc, Vps = 0) nAdc 
(Ves = -15 Мас, Vps = 0, Ta = 100°C) ue 
Gate-Source Cutoff Voltage* (Vps = 15 Vdc, lp = 10 „Аадс) VGS(off)* | o5 | 80 | Vd | 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* (Vps = 15 Vdc, Vas = 0) | ios | 15 | 24 | таж | 


SMALL-SIGNAL CHARACTERISTICS 


| Forward Transfer Admittance (Vps = 15 Vde, Vgs = 0. f = тоомна — |ны | 160 | — | umhos | 

Forward Transadmittance* (Vpg = 15 Vdc, vas = 0, f = 1.0 kHz) аи ши su 
| Input Admittance (Ур5 = 15 Vdc, Vgs = 0,1 = 100 MHz) | Reis |  — | 800 | уто | 

Output Admittance (Vps = 15 Vds, VGs = OF = 1.0 kHz) | lol | — | 75 | pmhos | 
| Output Conductance (Vps = 15 Vdc, Vas = 0, f = 100 MHz) | Relo) |  — | 20 | umhos | 
| Input Capacitance (Vps = 15 Vdc, Vgs = Of = 10MHz) — |1 Gs | — | 65 | pr | 
Reverse Transfer Capacitance (Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) | "— |Ә” EU | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, VGS R 1.0 Megohm, f = 1.0 kHz) 
(Vps = 15 Мас, VGS И 1.0 k ohm, f = 100 MHz) 


«То characterize these devices to narrower limits, regarding Ipss, Уб 5(оћ) and ус, the entire production lot is tested and divided into 
color-coded groups, with each color dot representing a relatively small range compared with the total min-max limit of the whole 
distribution. The color codes and their associated limits are given in the following table. 


с rss 


When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 


Orange 1.5 mAdc, Min, 3.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 umhos 
Yellow 2.5 mAdc Min, 5.0 mAdc Max 0.5 Мас Min, 5.0 Мас Max 2000 to 6500 umhos 


Green 4.0 mAdc Min, 8.0 mAdc Max 1.0 Vde Min, 7.0 Vdc Max 2500 to 7000 umhos 
Blue 7.0 mAdc Min, 14 mAdc Max 1.0 Vdc Min, 7.0 Vdc Max 2500 to 7000 umhos 
Violet 12 mAdc Min, 24 mAdc Max 2.0 Vdc Min, 8.0 Vdc Max 3000 to 7500 umhos 
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MPF111 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
"|н 
ГЕ” 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Channel Temperature Range —65 to +135 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristie | Sym! | ма | тур | Mex | umi | 


Refer to 2N4220 for graphs. 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = —10 дАдс, Vps = 0) 
Gate Reverse Current IGSS 
(Vas = -10 Vdc, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 10 Мас, Ip = 1.0 џАдс) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 Vdc, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) 
(Vps = 10 Мас, Vas = 0, f = 1.0 kHz) 


Output Admittance(1) 
(Vps = 10 Vdc, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Vdc, Vas = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width << 630 ms; Duty Cycle = 10%. 


% 


a 
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MPF112 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[ с йн. [җые кык | мац 
Drain-Source Voltage Wr Vde 


Gate Current 


Total Device Dissipation @ Ta = 25°C Pp oe mW 
Derate above 25°C mW^C 
Junction Temperature Range 125 
Storage Channel Temperature Range а — 6510 + 150 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —10 „Adc, Vps = 0) 


Gate Reverse Current 1555 
(VGs = —10 Vdc, Vps = 0) 


Gate Source Cutoff Voltage VGS(off) 
(Ур = 10 Vdc, Ip = 1.0 uAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) Ір55 1.0 — 25 mAdc 
(Vps = 10 Мас, Vas = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 


(Vps = 10 Vdc, VGs = 0, f = 1.0 kHz)(1) 
(Vps = 10 Vdc, VGs = 0, f = 100 MHz) 


Input Capacitance 
(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 630 ms; Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-146 


MPF130,131,132 
MFE130,131,132 


MPF130 SERIES 
CASE 317-01, STYLE 1 


>e 


MFE130 SERIES 


MAXIMUM RATINGS 


ЕШ 
Drain-Source Voltage 
ЕРЕ а 


MPF130 | MFE130 
Series Series 
Total Device Dissipation @ TA = 25°C 
(Package Limitation) 
Derate above 25°C 1.71 
Operating and Storage Channel Tchannel.| = 65 to — 65 to 
Temperature Range Tstg +150 +175 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | ма | тур | Mex | umi | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(1р = 10 дАдс, Vs = 0, VG1 = -4.0 V, VG2 = +4.0 V) 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


„> 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate 1-Source Breakdown Voltage 
(151 = +10 wAdc, VG2s = 0) 


Gate 2-Source Breakdown Voltage V(BR)G2SO 
(162 = +10 дАдс, VG2s = 0) 

Gate 1 Leakage Current 
(Ма15 = =6.0 Мас, VG2s = 0, Vps = 0) 

Gate 2 Leakage Current nAdc 
(VG2s = =6.0 Мас, VG1s = 0, Vps = 0) 

Gate 1 to Source Cutoff Voltage VG1S(off) 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 200 „Аадс) 

Gate 2 to Source Cutoff Voltage VG2S(off) Мас 
(Vps = 15 Мас, Vg1s = 0, Ір = 200 дАас) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Мас, Уб 15 = 0, VG2s = 4.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vps = 15 Vdc, VG2s = 4.0 Мас, lp = 10 mAdc, f = 1.0 kHz) 


Input Capacitance Ciss 7.0 
(Vps = 15 Мас Vg2s = 4.0 Мас, Ip = Ipss, f = 1.0 MHz) 


Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, VG2s = 4.0 Мас, Ір = 6.0 mAdc, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ір = Ipss, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 7) 
(Vps = 15 Мас, Мв2в = 4.0 Мас, 
ID = 6.0 mAdc, Zg is optimized for NF) 
(f = 105 MHz) MPF/MFE130 
(f = 60 MHz) MPF/MFE131 


(f = 100 MHz) MPF/MFE131 
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MPF130,131,132, MFE130,131,132 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ Max Unit 
Common Source Power Gain (Figure 7) Gps dB 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, 
Ip = 6.0 тАдс, 25 is optimized for NF) 
(f = 105 MHz) MPF/MFE130 17 23 — 
(f = 60 MHz) MPF/MFE131 20 27 — 
(f = 200 MHz) MPF/MFE131 17 20 -- 
Level of Unwanted Signal for 1.0% Cross Modulation = — 100 — mV 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, lp = 6.0 mAdc) 
Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8) Gc dB 
(Vps = 15 Мас, VG2s = 4.0 Мас, Local 
Oscillator Voltage — 925 mVrms) 
(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MPF/MFE132 15 16.5 -- 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MPF/MFE132 12 14 — 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip = 6.0 mAdc) 


FIGURE 1 — INPUT ADMITTANCE FIGURE 2 — REVERSE TRANSFER ADMITTANCE 
"A 1 Í 
t ze 3 
£ Е Е Е 
ш £ шо ui 
о ш > о 
= ox = 
= = = < 
5 = е Е 
> а в ш 
a ш = Q 
E 2 8 3 
8 а аа ° 
= = = = 
0.005 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 3 — FORWARD TRANSFER ADMITTANCE FIGURE 4 — OUTPUT ADMITTANCE 


7.0 


6.0 


bfs, SUSCEPTANCE (mmhos) 
gos, INPUT CONDUCTANCE (mmhos) 
bos, INPUT SUCCEPTANCE (mmhos) 


gis, FORWARD TRANSFER CONDUCTANCE (mmhos) 


0 
'30 — 40 60 80 100 200 700° KN 60 80 100 200 300 
f, FREQUENCY (MHz) t, FREQUENCY (MHz) 
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MPF130,131,132, MFE130,131,132 


FIGURE 5 — GAIN REDUCTION FIGURE 6 — CONVERSION POWER GAIN 


GAIN REDUCTION (dB) 


Gps, CONVERSION POWER GAIN (dB) 


0.5 0.75 1.0 1.25 1,8 
\62, GATE 2 TO GROUND VOLTAGE (VOLTS) LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (Vrms) 


FIGURE 7 — 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
*15V 


OPTIONAL AGC 
3.0.15 pF 


10k 
50 OHM 


OUTPUT 


C3 
3.0-15 pF 


3.0-15 pF 


0.47 uH 
=16 AWG, 5 1/4 Turns, 1” Long, 7/16" Dia 
=16 AWG, 4 1/2 Turns, 0.65” Long, 0.2" Dia 


0.33 uH 
#16 AWG, 6 1/2 Turns, 1" Long, 1/4" Dia. 
#16 AWG, 3 1/2 Turns, 0.7" Long, 0.2" Dia 
All Feedthrough Capacitors 1000 pF 

All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 


FIGURE 8 — 60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 


+24 
О 


"L0 


104,244 bs 
MHz 
1 Vrms 
RF 
60,200 
MHz 
60 MHz 10 Turns #22 Enameled 0.33 uH 15 Turns #26 Enameled | 4 Turns #26 Enameled 
on MILLER 4500-4 Соге| DELEVAN | on MILLER 4500-1 Core| оп Same Core as L3 
200 MHz 3 1/2 Turns #18, 1/4" | 21/2 Turns 15 Turns #26 Enameled | 4 Turns #26 Enameled 
Dia., 1/2" Long #18, 3/8" Dia., | on MILLER 4500-1 Core| on Same Coré as L3 
1/2" Long 
All Feedthrough Capacitors 1000 pF. 
All Variable Capacitors JOHANSON JMC 2951, 3.0-15 pF. 
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MPF201 
MPF202 
MPF203 


CASE 317-01, STYLE 1 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating Eu Wa m 
Drain-Source Voltage | Vos | 25 | Уі | 


Drain-Gate Voltage VpG1 30 
awa и ща ста 


Огап | Drain Current = | | в | таж | 
| с LE] 
all m | 

Derate above 25°C 
[pu opm 
Derate above 25°C 8. 0 mW^C 

Lead Temperature 

ei ses [ү вые 


Total Device Dissipation @ Tc = 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage 
(Ip = 10 wAdc, Ус = 0, VG1s = VG2s = 
Gate 1-Source Breakdown Voltage(1) 
(61 = +10 mAdc, Ус25 = Vps = 0) 
Gate 2-Source Breakdown Voltage(1) 
(162 = +10 mAdc, Ус15 = Vps = 0) 
Gate 1 Leakage Current 
(VG1S = =5.0 Мас, Ус25 = 
(VG1s = —5.0 Мас, Va2s 
Gate 2 Leakage Current 
(VG2s = “5.0 Мас, VG1S = 
(VG2s = -5.0 Мас, VG1S = 


Gate 1 to Source Cutoff Voltage 
(Vps = 15 Vdc, VG2s = 4.0 Vde, ID = 


Gate 2 to Source Cutoff Voltage 
(Vps = 15 Мас, Ус15 = 0, Ip = 20 uAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 
15 Мас, VG1S = Ус25 = 4.0 Мас) 


20 uAdc) 


(Vps = 


— 5.0 Vdc) 


= 150°C) 


V(BR)DSX 


V(BR)G1SO 


V(BR)G2SO 


VG1S(off) 


VG2S(off) 


MPF201, MPF202 
MPF20® 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 
(Vps = 15 Мас, VG2s = 4.0 Мас, VG1S = 
f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Va2s = 4.0 Мас, ID = 


Output Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Мас, Ip 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Мрр = 18 Мас, Усс 
(Убо = 18 Мас, VGG 


7.0 Vdc, f = 


MOTOROLA SEMICONDUCTORS 


Ipss, f = 1.0 MHz) 


10 mAdc, f = 1.0 MHz) 


1р55, f = 1.0 MHz) 


200 MHz) (Figure 1) 
6.0 Vdc, f = 45 MHz) (Figure 3) 


MPF201, MPF202 
MPF203 


MPF201 
MPF203 
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MPF201, MPF202, MPF203 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Common Source Power Gain 
(Vpp = 18 Мас, VGG = 7.0 Мас, f = 200 MHz) (Figure 1) MPF201 
(Vpp = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 
(VDD = 18 Мас, f Lo = 245 MHz, fRF = 200 MHz) (Figure 2) MPF202 


| Symbol | Min | | Unit | 
| АН ји 

25 

30 

Gel5) 25 


Bandwidth BW 
(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF201 9.0 
(Vpp = 18 Мас, fi = 245 MHz, пе 200 MHz) (Figure 2) MPF202 : - 
(Vpp = 18 Мас, VGG = 6.0 Мас, f = 45 MHz) (Figure 3) MPF203 


Gain Control Gate-Supply Voltage(4) 
(Vpp = 18 Vdc, AGps = —30 dB, f = 200 MHz) (Figure 1) MPF201 


VGG(GC) Vde 
(Vpp = 18 Мас, AGps = -30 dB, f = 45 MHz) (Figure 3) MPF203 


(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 

(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 

(4) AGpg is defined as the change in Gps from the value at VGG = 7.0 volts (MPF201) and VGG = 6.0 volts (MPF203). 

(5) Power Gain Conversion 


| 


FIGURE 1 — 200-MHz TEST CIRCUIT SCHEMATIC 


Усс о +18 V 


0.001 uF T 


0.001 uF 


0.001 pF bond 
From 75.1) 
source 0.001 uF 
c1 4.030 pF, ERIE Variable Ceramic, Set for = 22 pF 
c2 4.0 ЗОРЕ, ERIE Variable Ceramic, Set tor = 10 pF 
L1 4 Turns, #14 AWG Cooper, 1/4'' 1.О., 1/6” Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4" I.D., 1/8" Pitch 
RFC ОЕСЕМАМ No. 153712, 1.0 uH 
FIGURE 2 — 200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
245-MHz 
Local Oscillator 

Input(1) 

2.2 pF 
From 50-2 
Source 
45.MHz 
IF Output 

200-MHz 9 

RF Input 

From 75-2 To 75-2 

Source Load 
О +18 V 
(1) Amplitude at Input from Local Oscillator = 3 V RMS сл 1.5.7 0 pF, ERIE Variable Ceramic, Set for = 4.7 pF 
L1 4 Turns, #14 AWG Copper, 1/4'' 1.0., 1/6” Pitch 
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FIGURE 3 — 45-MHz TEST CIRCUIT SCHEMATIC 


Усс 


From 50-22 
Source 


То 50.1) 
Load 


0.001 uF 


0.001 uF 


L1 14 Turns, #30 AWG Copper, Close-Wound 7/32” OD form with 
ARNOLD ENGINEERING “J” Tuning Core 

L2 10 Turns, #30 AWG Copper, Close-Wound 7/32” OD form with 
ARNOLD ENGINEERING "J" Tuning Core 


TYPICAL CHARACTERISTICS 


FIGURE 4 — DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 


ID, DRAIN CURRENT (mA) 


0 20 40 60 80 10 12 М 16 18 20 
VOS. DRAIN TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT 


Vps* 15V | 
1008 «128 mÁ T 
f210kHz —T— 


ITTANCE (mmho) 


= ( 20 40 860 80 10 12 WM 16 18 20 
Ip, DRAIN CURRENT (тА) 


FIGURE 5 — DRAIN CURRENT versus САТЕ -ОМЕ to 
SOURCE VOLTAGE 


-- 1 
Vps* 15V 
IDSS = 12.8 mA 


ID, DRAIN CURRENT (mA) 
= 


VG1S.GATE ONE TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 7 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-ONE to SOURCE VOLTAGE 


/ ГА 
р <} 
f —— > 
е 
-15 -10 -05 0 +05 +10 


VG1S, GATE ONE to SOURCE VOLTAGE (VOLTS) 


ЕЙ 
ІП 
[Б 


1 
= VG25* 40V 
Š ыы | 
: ss 
= Е 
E таға Неда ка: 
Е ай шемен 
5 ET - RS 
< Шы: чаг aa) 
Е Ра 
E: 
z 
a 
= 
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FIGURE 8 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE FIGURE 9 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus INPUT AND OUTPUT CAPACITANCE versus 
GATE-TWO to SOURCE VOLTAGE GATE-TWO-to-SOURCE VOLTAGE 
в 14 T i. T Кт F Г 
Е 13 + Vps*15V poco mH amino. 
Е р - 1055 = 128 тА 14615 = OV 2. 
w 1, | - 
2 it | f=1.0kHz —4 + + == = 
E | шы 
= 10 E el =5 
= we 
= 9.0 25 
< 80 = 
= о= 
a о 
z 6.0 Se 
< = 
c 50 ка. 
Е ЧЕ 
2 4.0 = 
< 30 ай 
Е бо 
= 20 
“ 10 
Еп 
mE 0 +10 +20 +30 +4.0 -50 -40 -30 -20 -10 0 +10 +20 +30 М0 +50 


VG2s, GATE-TWO to SOURCE VOLTAGE (VOLTS) Уб25. GATE-TWO-to-SOURCE VOLTAGE (VOLTS) 


FIGURE 11 — COMMON-SOURCE POWER GAIN AND 


FIGURE 10 - COMMON-SOURCE POWER GAIN AND SPOT NOISE FIGURE versus GAIN CONTROL 
SPOT NOISE FIGURE versus DRAIN CURRENT GATE-SUPPLY VOLTAGE — MPF201 
28 *30 
26 
24 *20 
22 
Ss 20 _ +10 — | Море 18 Vdc s 
ЗЕ - в f = 200 MHz = 
cz = Circuit in Figure 1 = 
85 16 Vos = 15V Е 0 BW = 7.0 MHz лэ 
Te 14 ща m Š IDSS = 12.8 mA i 
= 1 ш 
= 12 Adjusted Vgqs for Ip = -10 8 
== 10 IDSs = 12.8 mA е = 
zo 8.0 à? = 
6.0 
4.0 -30 
2.0 
0 -40 
0 20 40 60 80 10 12 14 16 18 20 -3.0 -20 -10 0 +10 +20 +30 40 +50 +60 +70 
Ip, DRAIN CURRENT (mA) VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 
FIGURE 12 — SMALL-SIGNAL COMMON SOURCE FIGURE 13 — SMALL-SIGNAL COMMON-SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL CONVERSION POWER GAIN versus 
GATE-SUPPLY VOLTAGE — MPF203 LOCAL OSCILLATOR INPUT VOLTAGE — MPF202 
+30 T 20 
= 18 
Ege Дава со а wi sm ий т та пш шы 
= 4. < 
— +10 | 1055 = 12.8 тА = 
ЕО 2 
= 0 gu Circuit in Figure 2 
© z 10 BW = 6.0 MHz 
n š 1055 = 12.8 mA 
= -10 z 
= > 80 
РД = 
(8 -20 8 6.0 
Жал 
за кгаш | |_| | 
" -— o4 0 4 ЕГЕ ІШ 
-30 -20 -10 0 +10 +20 +30 +40 +50 +60 +70 0 1.0 20 3.0 4.0 5.0 
VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) VRMS. LOCAL OSCILLATOR INPUT VOLTAGE (VOLTS) 
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FIGURE 14 — SMALL-SIGNAL GATE ONE FORWARD FIGURE 15 — SMALL-SIGNAL GATE ONE INPUT 
TRANSFER ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 


bis, INPUT ADMITTANCE (mmhos) 


(ѕоцшш) 3)NV.LLIWQV 1ndNI 36 


FORWARD TRANSFER ADMITTANCE COMPONENTS 
(mmhos) 


10 40 100 300 500 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 16 — SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 


АЕ 
не Vps = 15 V SS E a 
"Ep V82S = 4 М ! | ; 
0.5 10 = 10 mA 22Р 5.0 

— 


2.0 


gos, INPUT ADMITTANCE (mmhos) 
o 


(ѕоцшш) 39NVLLIWOV 1пам 394 


40 60 100 200 300 500 
f, FREQUENCY (MHz) 


FIGURE 17 — S PARAMETERS PLOTTED 
ON 50 OHM SMITH CHART 
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MPF211 
MAXIMUM RATINGS MPF2 12 


MPF213 


Drain-Source Voltage 


Drain-Gate Voltage 


Drain Current — Continuous 


Gate Current 
162 


CASE 317-01, STYLE 1 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C Pp DUAL-GATE MOSFET 


Derate above 25°C 


Lead Temperature, 1/16” From Seated 
Surface for 10 Seconds 


Junction Temperature Range TJ —65 to +150 "C 
Storage Channel Temperature Range Tstg —65to +150 °C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x o ене | Symbol | ма | Mex | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX 
(VG1S = Ус25 = -4.0 Мас, Ip = 10 џАдс) MPF211,212 
MPF213 
Instantaneous Drain-Source Breakdown Voltage(1) V(BR)DSX 


(Ус15 = Ус25 = —4.0 Мас, Ip = 10 uAdc) MPF211,212 
MPF213 


Gate 1-Source Breakdown Voltage(2) V(BR)G1SO 
(Ус25 = Vps = 0,161 = +10 mAdc) 
Gate 2-Source Breakdown Voltage(2) V(BR)G2SO 
(Ма1в = Vps = 0,162 = +10 mAdc) 
Gate 1 Leakage Current 
(М615 = =5.0 Мас, Уб25 = VDS +0.04(Typ) 
(Мат = —5.0 Мас, Va2s = Мр = 
Gate 2 Leakage Current 
(VG2s = =5.0 Мас, У615 = Vps =0.04(Тур} 
(VG2s = -5.0 Мас, VG1S = Vps 150°С) — 
Gate 1 to Source Cutoff Voltage VG1S\(off) 


(Vps = 15 Мас, VG2s = 4.0 Vdc, Ip = 2.0 uAdc) MPF211,213 
MPF212 


VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate 2 to Source Cutoff Voltage VG2S (off) 


(Vps = 15 Vdc, Va1s = 0, Ip = 20 uAdc) MPF211 
MPF212,213 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 

(Vps = 15 Мас, Уа 15 = 0, Ус25 = 4.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance(4) 


(Vps = 15 Vdc, Va2s = 4.0 Мас, Vg1g = 0, f = 1.0 kHz) MPF211,212 
MPF213 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VG2s = 4.0 Vdc, lp = 10 тАас, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 Vdc, VGG = 7.0 Мас, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211,213 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic | Зутво | м | Mex | Unt | 


Common Source Power Gain 


(Vpp = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211 
(Vpp = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF213 


(Vpp = 18 Мас, Но = 245 MHz, fgg = 200 MHz) (Figure 3) MPF212 


Bandwidth 
(Vpp = 18 Мас, Усс = 7.0 Мас, f = 200 MHz) (Figure 1) MPF211 
(Мор = 18 Мас, Но = 245 MHz, Ве = 200 MHz) (Figure 3)  MPF212 
(Vpp = 24 Мас, Усс = 6.0 Мас, f = 45 MHz) (Figure 2) MPF211,213 
Gain Control Gate-Supply Voltage(5) 
(Vpp = 18 Vde, AGps = —30 dB, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, AG —30 dB, f = 45 MHz) (Figure 2) MPF211,213 
(1) Measured after five seconds of applied voltage. 
(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate 
voltage limiting network is functioning properly. 
(3) Pulse Test: Pulse Width = 300 us, Duty Cycle « 2.0%. 
(4) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to 
Gate 1 with Gate 2 at ac ground. 
(5) AGps is defined as the change in Gps from the value at VGG = 7.0 Volts (MPF211) and VGG = 6.0 Volts (MPF213). 
(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Сс. 


ии 


FIGURE 1 — 200 MHz POWER GAIN, GAIN CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT 


Усс Урр 


Shield 001 


E 


%---т----------- 


То 500 
Load 


From 50 0 
Source 


"— 
8 
1—9) 


L4 2% T #18, М” diameter center tapped 
L2 3% T #18, 516” diameter tapped “Т from cold end 
C = uF unless otherwise specified 


FIGURE 2 — 45-MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


From 500 
Source 


Ст: Leadless disc ceramic, 0.001 uF L1: 8 Turns #28, 5/32” diameter form, type ''J'' slug 
C2: Leadless disc ceramic, 0.01 uF L2: 9 Turns #28, 5/32" diameter form, type ''Ј'' slug 
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FIGURE 3 — 200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN 


Урр 
C 


— То 500 
Hz 

А 250 ту Load 

50 2 


0.001 uF 
200 MHz 
502 


L1: 7 Turns #34, 1/4" diameter aluminum slug C1: Arco type 462, 5-80 pF T1: Pri: 25 Turns #30, close wound on 1/4” 
L2: 5-1/2 Turns #20, 1/4" diameter aluminum slug C2: 0.001 uF leadless disc diameter form, type ''J'' slug 
L3: 7 Turns #24, 1/4” diameter air core C3: 0.01 uF leadless disc Sec: 4 Turns #30, centered over primary 
TYPICAL CHARACTERISTICS 
FIGURE 4 — DRAIN CURRENT versus FIGURE 5 — DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE GATE ONE-TO-SOURCE VOLTAGE 


70 — | 
V62S = 40 У 70 | ] 
= 1055 = 15 mA 
2% z 2-1 
£ s = 1 
= 45 2 
Š 40 = 
3 35 = 
= 30 z 
X 25 = 
a 
= 20 a 
2 в ~ 
10 
5 
0 
Ü 20 40 60 80 10 12 14 16 18 2 -1.5 -1.0 -0.5 0 +05 +1.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) VG1S. GATE ONE-TO-SOURCE VOLTAGE (VOLTS) 


SMALL-SIGNAL COMMON-SOURCE PARAMETER — GATE ONE 


FIGURE 6 — FORWARD TRANSFER ADMITTANCE FIGURE 7 — FORWARD TRANSFER ADMITTANCE 
versus GATE TWO-TO-SOURCE VOLTAGE versus GATE ONE-TO-SOURCE VOLTAGE 


№6525 = ОМ 


ІҮ, FORWARD TRANSFER ADMITTANCE (ттћо) 


IYts, FORWARD TRANSFER ADMITTANCE (mmhos) 


0 — 
-10 0 +10 +20 332 40 -1.5 -10 -0.5 D *05 +1.0 
V62S, САТЕ 1WO-TO-SOURCE VOLTAGE (VOLTS) Уба, SATE-ONETOSQURCE VOLTAGE (VOLTS) 
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FIGURE 8 — FORWARD TRANSFER ADMITTANCE FIGURE 9 — INPUT AND OUTPUT CAPACITANCE 
versus DRAIN CURRENT versus GATE TWO-TO-SOURCE VOLTAGE 


№р5 = 15V. 
1055 = 15 тА - 7.0 


> 


= 


Vps* 15V 


VG1s*0V 
1058 = 15 mA 


ЕТТЕР, НИ АХИУ: 
te гета 


Ciss, INPUT CAPACITANCE (pF) 
Coss, OUTPUT CAPACITANCE (pF) 
> 


IYtsl, FORWARD TRANSFER ADMITTANCE (mmho) 


0 = 0 
0 20 40 60 80 10 12 14 16 18 20 -5.0 -40 -30 -20 -10 0 +10 +20 +30 +40 +50 
ID, DRAIN CURRENT (mA) VG2s, GATE TWO-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 10 — SMALL-SIGNAL GATE ONE INPUT FIGURE 11 — SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
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IY ts, FORWARD TRANSFER ADMITTANCE (mmhos) 


0 110 
А А ECE” 
100 200 300 400 500 1000 100 200 300 400 500 1000 

f, FREQUENCY (MHz) t, FREQUENCY (MHz) 
FIGURE 12 — SMALL-SIGNAL GATE ONE REVERSE TRANSFERS FIGURE 13 — SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
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FIGURE 14 — RELATIVE SMALL-SIGNAL POWER GAIN 
versus 
GAIN CONTROL GATE SUPPLY VOLTAGE 
MPF211 


Gps, RELATIVE POWER GAIN (dB) 
| ' i 


VGG(GC) — GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 


FIGURE 16 — SMALL-SIGNAL COMMON-SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE SUPPLY VOLTAGE 
MPF211, 213 


Мор = 24 V 
f= 45 MHz 
CIRCUIT IN FIGURE 2 


Gps, POWER GAIN (dB) 


20000 1 60 8.0 
VGG(GC) GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 


NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (dB) 


FIGURE 15 — COMMON SOURCE SPOT NOISE FIGURE 
versus 
GAIN CONTROL GATE SUPPLY VOLTAGE 
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FIGURE 18 — INPUT/OUTPUT IMPEDANCE 
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Vps = 15V 
VG2s = 40V 
Ip = 15mA 
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S22 


MOTOROLA SEMICONDUCTORS 


MPF230 
MPF231 
MPF232 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[Rating | Symbol | Маше | Unt | 
| Drain-Source Voltage | № | - | № | 
Drain-Gate Voltage 40 Vdc 
Gate-Source Voltage V Vdc 
JFET GS 
LOW NOISE AMPLIFIER 
Total Device Dissipation @ TA = 25°C 310 mW 
N-CHANNEL — DEPLETION Derate above 25°C mW^C 
Storage Temperature Range —65to +150 


Refer to 2N4220 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unit 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —1.0 uA) 
Gate Reverse Current IGSS — — 250 pA 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 20 V, Ip = 1.0 4A) MPF230 —1,0 -3.0 
MPF231 -2.0 —5.0 
MPF232 -20 -6.0 
ON CHARACTERISTICS 
— — 
Zero-Gate-Voltage Drain Current Ipss* mA 
(Vps = 20 V) MPF230 0.7 3.0 
MPF231 2.0 6.0 
MPF232 5.0 10.0 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance штћоз 
(Vps = 20 V, f = 1.0 kHz) MPF230 
MPF231 1500 
MPF232 


FUNCTIONAL CHARACTERISTICS 


Equivalent Short-Circuit Input Noise Voltage nV/VHz 
(Vps = 10 V, f = 10 Hz) 


*Pulse Width « 2.0 msec. 
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MPF256 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
AMPLIFIER 


Total Device Dissipation (2 TA = 25°C N-CHANNEL — DEPLETION 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
i O Га NE 2i WC [ша] 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 „Adc, Vps = 0) 


Gate Reverse Current 
(Vas = 15 Мас, Vps = 0) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Мас, Ip = 200 uAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, Ip = 10 mAdc, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Ip = 10 mAdc, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Vdc, Ip = 10 mAdc, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Rs = 50 Ohms) 100 MHz 


Common Source Power Gain 
(Vps = 15 Vdc, Rs = 50 Ohms) 100 MHz 


*To characterize these devices to narrower limits, the entire production lot is tested and divided into color-coded groups, with each color 
dot representing an Ipss range. 


When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 
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MPF521 


CASE 317-01, STYLE 1 


MAXIMUM RATINGS 


Rating Symbol | Value | Unit | 
Drain-Source Voltage | Vos | 25 | vá | 


VDG2 


Drain Current p | 3 | таф | 


Gate Current IG1F 10 mAdc 
IG2F 10 

Total Device Dissipation @ TA = 25°C Pp 300 mW 
Derate above 25°C 1.71 МИС 
Operating Channel Temperature Tchannel NM qM | 
Lead Temperature, 1/16" From Seated TL 200 °C 
Surface for 10 Seconds 
Storage Channel Temperature Range — 65 to +150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Gate 1-Source Breakdown Voltage V(BR)G1SO 
(VG2 = Vps = 0,161 = 10 дАдс) 
Gate 2-Source Breakdown Voltage V(BR)G2SO 
(VG1S = Vps = 0, 162 = 10 uAdc) 
Gate 1 Reverse Leakage Current 15155 -- 
(Мв15 = 5.0 Мас, VG2s = Vps = 0) 


Gate 2 Reverse Leakage Current 30 
(VG2s = 5.0 Мас, Мс15 = Vps = 0) 

Drain-Source Breakdown Voltage V(BR)DS 25 
(VG2 = 0, Ip = 10 дАдс) 

ON CHARACTERSTICS 

Gate-Source Threshold Voltage VG1S(TH) 


(Ув25 = 10 Мас, lp = 10 дАдс, Vps = 15 V) VG2S(TH) 
(VG1S = 4.0 Мас, lp = 10 „Адс, Vps = 15 V) 


Gate-Source On Voltage VG1S(on) 
(Vps = 15 Мас, VG2s = 10 Мас, 16 = 10 mAdc) 
“On” Drain Current (оп) 
(Vps = 15 Мас, VG2s = 10 Мас, VG1s = 3.0 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance(1) 
(Vps = 15 Мас, VG2s = 10 Мас, 1р = 10 mAdc, f = 1.0 kHz) 
(Vps = 15 Vdc, VG2s = 10 Мас, Ip = 10 mAdc, f = 200 MHz) 10.57-16.86 


Input Admittance(1) i 0.524 + j4.27 
(Vps = 15 Мас, VG2s = 10 Мас, lp = 10 mAdc, f = 200 MHz) 


Reverse Transfer Admittance(1) 
(Vps = 15 Мас, VG2s = 10 Мас, Ір = 10 mAdc, f = 200 MHz) 


MOSFET 
DUAL GATE 
VHF AMPLIFIER TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


Output Admittance(1) 0.126 + 11.79 
(Vps = 15 Мас, 525 = 10 Мас, Ip = 10 mAdc, f = 200 MHz) 


Input Capacitance 
(Vps = 15 Мас, VG2s = 10 Мас, VG1 = 2.5 Vde, f 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VG2s = 10 Vdc, VG1 = 2.5 Vdc, f 


Output Capacitance 
(Vps = 15 Мас, VG2s = 10 Мас, VG1 = 2.5 Мас, f = 1.0 MHz) 
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MPF521 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic | Sym | Ма | тур | Ма | Unt | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figures 1 and 9) 
(Vps = 15 Vdc, VGG = 10 V, f = 200 MHz) 


Common Source Power Gain (Figures 1 and 9) 
(Vps = 15 Мас, Мвв = 10 V, f = 200 MHz, 
BW = 7.0 MHz (Min)) 


(1) All y-parameters are with respect to Gate 1. 


FIGURE 1 — 200 MHz NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


1200 pF 


FTT 


L2 = 
1.0-10 pF 


Output 
50 2 


4.0-20 pF 


Input 
502 
(=3 mV RMS) 
7 1200 pF 
1000 pF 

L1 —3 Turns #18 AWG, 1/4" O.D. 

L2 — 2 Turns #18 AWG, 1/4" O.D. 51k 

BW = 8 MHz = = 

Ip = 11 тА Моб = 15 У = 

VGG = 10 v 
TYPICAL CHARACTERISTICS 
FIGURE 2 — DRAIN CURRENT versus DRAIN to FIGURE 3 — DRAIN CURRENT versus GATE-ONE to 
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MPF521 


FIGURE 4 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus GATE-ONE to FIGURE 5 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
SOURCE VOLTAGE FORWARD TRANSFER ADMITTANCE versus DRAIN CURRENT 


tr. юй?! 


Моб = 15V 
t= 10kHz 
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Үр, FORWARD TRANSFER ADMITANCE (mmho) 
5 


Yi, FORWARD TRANSFER ADMITTANCE (ттћо) 
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FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus GATE-TWO to FIGURE 7 — COMMON SOURCE POWER GAIN versus 
SOURCE VOLTAGE DRAIN SUPPLY CURRENT 
40 


Vpop + 15V 
f = 200 MHz 

Circuit in Figure 1 

Bandwidth = 5 0 MHz 
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FIGURE 9 — COMMON SOURCE POWER GAIN AND 
FIGURE 8 — COMMON SOURCE POWER GAIN AND SPOT NOISE FIGURE versus GAIN CONTROL 
SPOT NOISE FIGURE versus DRAIN CURRENT GATE-SUPPLY VOLTAGE 
VG2s = 6.0 V 


f = 200 MHz 
Adjust VG1s for 10 


*30—vpp = 15 V 
f = 200 MHz —+ = 11 

+20 Circuit in Figure 1 
Bandwidth = 8.0 MHz 
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NF, NOISE FIGURE (dB) 
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MPF521 


FIGURE 11 — SMALL-SIGNAL COMMON SOURCE 


FIGURE 10 — SMALL-SIGNAL GATE ONE GATE ONE FORWARD TRANSFER 
INPUT ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
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OUTPUT ADMITTANCE versus FREQUENCY 
10 = ros 1.0 
L. 
== 70 Vps = 15 V = == рт ——3 07 
8 50 VG2s = 10 V > ағаға) = 05 
ee SS ee E жне 52 
an 3B 03 © 
е 3 
5 20 02 = 
š š 
5 10 ол Е 
= 07 0.07 я 
0.5 z 
Ë 0.05 2 
2 03 > 
3 
8 0.03 
= 2 0.02 & 
01 LI. 01. 1 ë 
30 40 60 80 100 200 300 500 
1, FREQUENCY (MHz) 
FIGURE 13 — INPUT/OUTPUT IMPEDANCE 
Vpp = 18 V S22 
Vgg = 10V 
Ip = 10 mA 
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MPF820 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
RF AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 „Adc, Vps = 0) 
Gate Reverse Current 


(Vas = 15 Мас, Vps = 0) 


Gate Source Cutoff Voltage 


(Vps = 15 Мас, Ip = 200 џАдс) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 10 = = 
(Vps = 15 Vdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Мас, Ip = 10 mAdc, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, Ip = 10 mAdc, f = 1.0 MHz) 


Common-Gate Input Conductance 
(Vps = 15 Мас, Ip = 10 mAdc, f = 100 MHz) 


MAXIMUM RATINGS 


Rating 


Drain-Source Voltage 


Drain-Gate Voltage ш шшк эшш ш 
мас 


VGsR 


Reverse Gate-Source Voltage 
Forward Gate Current 


IGif) 10 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol Min Typ 


— 
V(BR)GSS 25 — — Vd 


IGSS — — 5.0 


VGS(off) = — 5.0 Vdc 


lYfs| = 20 — mmhos 
Ciss — 15 — pF 
Crss — 3.5 — pF 


Gig — 16 — mmhos 


Common-Gate Output Conductance 
(Vps = 15 Vdc, Ip = 10 mAdc, f = 100 MHz) 


Common-Gate Forward Transadmittance 
(Vps = 15 Мас, Ip = 10 mAdc, = 100 MHz) 


Common-Gate Reverse Transadmittance 
(Vps = 15 Мас, Ip = 10 mAdc, f = 100 MHz) 


Output Capacitance 
(Vps = 15 Мас, Ip = 10 mAdc, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 


= E ваша сака 
Уга 


Noise Figure 
(Vps = 15 Мас, Ip = 10 mAdc, See Figure 5) 


Small-Signal Power Gain 
(Vps = 15 Vdc, Ip = 10 mAdc, See Figure 5) 
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MPF820 


FIGURE 1 — NOISE FIGURE FIGURE 2— FORWARD TRANSADMITTANCE 


mapa ea 
— Er um 
ML. 


NF, NOISE FIGURE (dB) 
yfs, FORWARD TRANSADMITTANCE (mmhos) 


Rg, SOURCE RESISTANCE (KILOHMS) Ip, DRAIN CURRENT (mA) 


FIGURE 4 — OUTPUT AND REVERSE 
FIGURE 3 — INPUT CAPACITANCE TRANSFER CAPACITANCE 


CAPACITANCE (pF) 


Ciss, INPUT CAPACITANCE (pF) 


0 -1.0 -2.0 -30 4.0 


VGs, GATE-SOURCE VOLTAGE (VOLTS) ID, DRAIN CURRENT (mA) 


FIGURE 5 — 100 MHz TEST CIRCUIT 


1.0-18 pF Š TUT 3.0pF 


5 OUTPUT 
Е Rs = 502 


7 TURNS, #18 AWG 
3/16" 1.0., C. T. 


3/18" WINDING LENGTH 8 TURNS, 422 AWG 


5/32" 1.0., C. T. 
5/16" WINDING LENGTH 


330 EI 


-15 V VG ADJUSTS FOR 
їр = 10 mA 
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MPF930 
MPF960 
MPF990 


MAXIMUM RATINGS 


Rating | Symbol | MPF930 | MPF960 | MPF990 
Drain-Source Voltage | vos | 35 | в | » | 
| Уов | 


CASE 29-03, STYLE 22 
TO-226AE 


Drain-Gate Voltage 


Gate-Source Voltage 


Drain Current 
Continuous (1) 
Pulsed (2) 


Total Device Dissipation 
(à TA = 25°C 
Derate above 25°C 


Operating and Storage Junction —55 to 150 
Temperature Range 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT (1) The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width = 300 us, Duty Cycle = 2.0%. 


Thermal Resistance 


Refer to MFE930 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Mex | Unit | 


Drain-Source Breakdown Voltage 

(Vas = 0, 1р = 10 uA) MPF930 
MPF960 
MPF990 


Gate Reverse Current (Vas = 15 “ас, Vps = 0) 


ON CHARACTERISTICS* 
Zero-Gate-Voltage Drain Current (Vps = Maximum Rating, Vas = 0) 


Gate Threshold Voltage (1р = 1.0 mA, Vps = Vas) VGS(Th) 


Drain-Source On-Voltage (VGs = 10 V) VDS(on) 
(Ip = 0.5 A) MPF930 
MPF960 

МРЕ990 


OFF CHARACTERISTICS 


(Ip MPF930 
MPF960 
МРЕ990 


MPF930 
MPF960 
MPF990 


Static Drain-Source On Resistance TDS(on) 
(Vas = 10 Мас, Ір = 1.0 Adc) MPF930 
MPF960 

MPF990 


On-State Drain Current (Vps = 25 V, VGs = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 


При Capacitance Wps = 25V.Veg=0= 10M) — о | — | 9 | зе | oF | 
[Reverse Transfer Capacitance (Ура = 25V. Veg = ot ломка — | Gm | — | 13 | ле | oF | 
[output Capacitance (Vos = 2V. Vas = 0t = замка | Com | — | 
[Forward Transcondustance pg = 28 0 СОВА _______________вњ | 200 


915 
SWITCHING CHARACTERISTICS 


Turn-On Time L A. | ee 
Turn-Off Time | r | — | 70 | 15 | т | 


*Pulse Test: Pulse Width = 300 из, Duty Cycle = 2.0%. 
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MPF970 
MPF971 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rang — | Symbol | Маше | Unt | 
| Drain-Source Voltage — | № | 25 | мае | 
[DmimGaeVolage | ме | 3 | № | 
[Reverse Gate-Source Voltage | Ман | _ 30 | vde | 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


[FomerGmeCur | ie | № [ made | 
Total Device Dissipation (v TA — 25*C NEN ШЕ 4 
Derate above 25°C mW/°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | ма | тур | Mex | unit | 


I а Я 
1.0 nAdc 
А pAdc 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 дАдс, Vps = 0) 
Gate Reverse Current 

(Vas = 15 Мас, Vps = 0) 

(Vas = 15 Мас, Vps = 0, TA = 150°C) 


Drain-Cutoff Current 


(Vps = 15 Vdc, Vas = 12 Мас) MPF970 
(Vps = 15 Мас, Vas = 12 Мас, TA = 150°C) MPF970 
(Vps = 15 Vdc, Vas = 7.0 Vdc) MPF971 
(Vps = 15 Vdc, Vgg = 7.0 Vdc, Ta = 150°C) MPF971 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) MPF970 
MPF971 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Мас, VGs = 0) MPF970 
MPF971 


Drain-Source On-Voltage 

(Ip = 10 mAdc, VGs = 0) 

(1р = 1.5 mAdc, VGs = 0) 
Static Drain-Source On Resistance 


(1р = 1.0 mAdc, VGs = 0) MPF970 
MPF971 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0,1 = 1.0 kHz) MPF970 
MPF971 
Input Capacitance i 
(VGs = 12 Мас, Vps = 0, f = 1.0 MHz) MPF970 
(Vas = 7.0 Мас, Vps = 0, f = 1.0 MHz) MPF971 


Reverse Transfer Capacitance 
(Мс = 12 Мас, Vps = 0, f = 1.0 MHz) MPF970 


(Vas = 7.0 Vdc, Vps = 0, f = 1.0 MHz) MPF971 
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MPF970, MPF971 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[ Che [зы | Mm | те | ми | Uv | 
SWITCHING CHARACTERISTICS (See Figure 6, Rx = 0) (1) 
Rise Time 
(ID(on) = 10 mAdc, Мазон) = 12 Мас) MPF970 
Пр(оп) = 1.5 mAdc, VGS(off) = 7.0 Мас) MPF971 
Fall Time 
(ID(on) = 10 mAdc, Уа 5(о6) = 12 Мас) MPF970 
(ID(on) = 1.5 mAdc, VGS(off) = 7.0 Мас) MPF971 
Turn-On Time 
(Ip(on) = 10 mAdc, VGS(off) = 12 Мас) MPF970 
(ID(on) = 1.5 mAdc, VGS(off) = 7.0 Мас) MPF971 
Turn-Off Time 
(Ip(on) = 10 mAdc, Мазон) = 12 Мас) MPF970 
Пр(оп) = 1.5 mAdc, VGS(off) = 7.0 Мас) MPF971 
(1) Pulse Test: Pulse Width = 100 из, Duty Cycle = 1.0%. 


FIGURE 1 — EFFECT OF !pss ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 
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MPF970, MPF971 


FIGURE 4 — TURN-OFF DELAY TIME 


Мон) = 12 V (MPF970) 
7.0 V (MPF971) 


td(off), TURN-OFF DELAY TIME (ns) 


“02 03 05 07 10 20 3.0 


Ip, DRAIN CURRENT (mA) 


FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
о -VoD 


INPUT як N 


INPUT PULSE 
tr 025 ns Яве#к = 
tf« 0.5 ns Во’ = Rp(RT*50) 
PULSE WIDTH = 2.0 us Ro+RT+50 
DUTY CYCLE< 2.0% 


FIGURE 7 — TYPICAL FORWARD TRANSFER ADMITTANCE 
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FIGURE 5 — FALL TIME 


tf, FALL TIME (ns) 


Ip, DRAIN CURRENT (mA) 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (+VGG). The 
Drain-Source Voltage (Vps) is slightly lower than Drain Supply 
Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Ср) or Gate-Drain Capacitance (Cod) is charged to 
Усс + Vos. 

During the turn-on interval, Gate-Source Capacitance (Сав) 
discharges through the series combination of В сеп and RK. Сод 
must discharge to Vps(on) through RG and Rx in series with the 
parallel combination of effective load impedance (R'p) and 
Drain-Source Resistance (rqs). During the turn-off, this charge 
flow is reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance го; is a function of the gate-source voltage. While Cg, 
discharges, Vs approaches zero and rg, decreases. Since Сра 
discharges through rgs, turn-on time is non-linear, During turn-off, 
the situation is reversed with rgs increasing as Сад charges. 

The above switching curves show two impedance conditions; 1) 
Rk is equal to Rp, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) RK = О (low 
impedance) the driving source impedance is that of the generator. 


FIGURE 8 — TYPICAL CAPACITANCE 


Tchannel = 25°C 
(Cas is negligble) 
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FIGURE 9 — EFFECT OF GATE-SOURCE VOLTAGE FIGURE 10 — EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
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FIGURE 11 — LOW FREQUENCY CIRCUIT MODEL 


Cod 
yis = јез біз 
Уо = Vross + jw Coss 
Yts = уб 
Yrs -І Crss 


Ciss = Сад + Cos 
Crss = Сой 
Coss = Cog + Cds, Cus = 0 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPF2608 
MPF2609 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Gate Current 


| ig | 8 |. 
Total Device Dissipation (v TA = 25°C mW 
Derate above 25°C mW^/C 


Storage Temperature Range — 65 to +150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ Characteristie | әтә | ма | Ма [| чш | 


Refer to 2N5460 for graphs. 


OFF CHARACTERISTICS 


GSS nA 
(VGs = 5.0 Volts) 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = -5.0 V, Ip = —1.0 дА) 3 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 


(Vps = -5.0 Volts) MPF2608 
MPF2609 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = -5.0 Volts, f = 1.0 kHz) MPF2608 
MPF2609 


Input Capacitance 
(Vps = -5.0 Volts, VGs = 1.0 V, f = 140 kHz) MPF2608 
MPF2609 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = -5.0 Volts, f = 1.0 kHz, R = 1.0 meg) 


*Pulse Width « 100 msec, Duty Cycle =< 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF3330 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


MAXIMUM RATINGS 


— 
[DrainGateVonage | vwe ж | vwe | 
Dam m 
perese Ge Ва ge. i Ke 2 
Gate Current 
Total Device Dissipation @ TA = 25°C LEE = 
Derate above 25°C 2.82 


Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 дА) 
Gate Reverse Current 
(Vas = 10 V) 
Gate Source Cutoff Voltage 
(Vps = -15 У, Ip = 10 uA) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = -10 V) 
Drain-Source Resistance 
(Ip = 100 uA, Vas = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 
(Vps = -10 V, Ip = 2.0 mA, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = -5.0 V, Ip = 1.0 mA, Rg = 
*Pulse Width = 100 msec, Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS 


1.0 MQ) 


SMALL-SIGNAL DEVICES 
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MPF3821 
MPF3822 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating [эт | Маше | (ий | 

[Drain-Source Voltage — | Vos | 5o | ме | 

| Drain-Gate Voltage | мв | вю | vá | 

[GeteSoureVoltagg | Vas | -5o | ме | 

(эбет | b | 0 | m | 

Total Device Dissipation (v TA = 25°C KNEE NES 
Derate above 25°C mW/^C 


Junction Temperature Range 


Storage Temperature Range m mE = 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = —1.0 „Adc, Vps = 0) 
Gate Reverse Current 
(VGs = -30 Мас, Vps = 0) 
(VGs = -30 Мас, Vps = 0, Ta = 150°C) 


Gate Source Cutoff Voltage VGS(off) 
(Ip = 0.5 nAdc, Vps = 15 Мас) MPF3821 
MPF3822 


Gate Source Voltage 
(Ip = 50 „Adc, Vps = 15 Мас) MPF3821 
(Ip = 200 „Adc, Vps = 15 Vdc) MPF3822 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Мас, VGs = 0) MPF3821 
MPF3822 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Мас, VGs = 0, f = 1.0 kHz)(1) MPF3821 
MPF3822 


(Vps = 15 Vdc, Vas = 0, f = 100 MHz) MPF3821 
MPF3822 


Output Admittance(1) 
(Vps = 15 Vdc, VGs = 0, f = 1.0 kHz) MPF3821 
MPF3822 


Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Мас, VGs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Мас, VGs = 0, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


Equivalent Input Noise Voltage 
(Vps = 15 Vdc, VGs = 0, f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF3823 
MPF3824 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


manuka NENE RATINGS 
|________ Рата  —  —  — | = Value 


Drain-Source Voltage MPF3823 
MPF3824 


Drain-Gate Voltage MPF3823 
MPF3824 


Reverse Gate-Source Voltage MPF3823 
MPF3824 


Gate Current 


Total Device Dissipation @ Ta = 25°C mW 
a above 25°C == 


Lead | Lead Temperature sid 
Operating and Storage Junction -I " = — и to + — 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Mex [| Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(lg = —1.0 uA) MPF3823 
MPF3824 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Leakage Current IGSS 
(Vgs = -20 V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 V, Ip = 0.5 nA) 
Gate Source Voltage 


(VGs = 15 V, ID = 400 uA) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 055 
(Vps = 15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Југо] 3500 6500 umhos 
(Vps = 15 V, f = 1.0 kHz) 


Output Admittance ов! штћоз 
(Vps = 15 V, f = 1.0 kHz) 


Input Capacitance 


(Vps = 15 V, = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, f = 1.0 MHz) MPF3823 
MPF3824 


FUNCTIONAL CHARACTERISTICS 


Noise Figure NF 
(Vps = 15 V, Vas = 0, f = 100 MHz) MPF3823 (Only) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-176 


MAXIMUM RATINGS 


[м — | бы | Маше | Unt | 
| Drain-Source Voltage | Vos | 40 | ve | 
| Drain-GateVotage | vws | 4 | Уж | 
| Reverse Gate-Source Voltage | Мон | - | № | 


Forward Gate Current 


Total Device Dissipation @ TA = 25°C mW 
Derate above 25°C mW/°C 

Operating and Storage Junction ТЈ, Tstg | -65 to +150 °С 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(Ig = 1.0 мА, Vas = 0) 
Drain to Gate Leakage 
(VpG = 20 V, Is = 0) 
Gate Reverse Current 
(Vas = 20 V, Vps = 0) 


Gate Source Cutoff Voltage 
(Vps = -20 V, Ip = 1.0 nA) 


Drain Source Voltage 

(Vas = 0) 

(Ip = 20 mA) 

(Ip = 10 mA) 

(Ip = 5.0 mA) 
Drain Cutoff Current 

(Vps = 20 V, Vas = - 12 V) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 

(Vps = 20 V, Vas = 0) 


Drain-Source “ON” Resistance 
(Ip = 1.0 mA, VGs = 0) 


Input Capacitance 
(Vps = 20 V, VGs = 0,1 = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = - 12 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Drain Cutoff Current 


MPF3970 
MPF3971 
MPF3972 


MPF3970 
MPF3971 
MPF3972 


MPF3970 
MPF3971 
MPF3972 


MPF3970 
MPF3971 
MPF3972 


MPF3970 
MPF3971 
MPF3972 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


(Урс = 20 V, 15 = 0, ТА = 150°C) 


(Vps = 20 V, Vgs = - 12 V, TA = 150°C) 


SMALL-SIGNAL DEVICES 


6-177 


MOTOROLA SEMICONDUCTORS 


MPF3970, MPF3971, MPF3972 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | 


Гав(оп) 


Drain-Source “ON” Resistance 


MPF3970 
MPF3971 
MPF3972 


(Ip = 0, VGs = 0, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Switching Characteristics 
(MPF3970 Only) 
(Vpp = 10 V, Vas = 0, оп) = 20 mA, Vas(ort) = 10 V) 


Switching Characteristics 


(MPF3971 Only) 
(Vpp = 10 V, Vas = 0, оп) = 10 mA, Усс(он) = 5.0 V) 


Switching Characteristics 
(MPF3972 Only) 
(Vpop = 10 V, Vas = 0, оп) = 5.0 mA, VGS(off) = 3.0 V) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-178 


MPF4093 


CASE 29-03, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Gate-Source Voltage 
Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Lead Temperature 
БИЕ from Case for 10 Seconds) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
2 мн WE ME ss T sm | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 uA, Vps = 0) 

Gate Reverse Current 
(Моб = -20 V, 1$ = 0) 


Drain-Gate Leakage 
(VDG = —20V, 1$ = 0, Ta = 150°C) 


Drain Cutoff Current 
(Vps = 20 V, Vas = -6.0 V) 


Drain-Gate "OFF" Current 
(Vps = 20 V, Vas = -6.0 V, Ta = 150°C) 


Gate 1 to Source Cutoff Voltage 
(Vps = 20 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V, VGs = 0) 


Drain-Source On-Voltage 
(VGs = 0, Ip = 2.5 mA) 


Static Drain-Source On Resistance 
(VGs = 0, 1р = 1.0 mA) 
(VGs = 0, Ip = 0, f = 1.0 kHz) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 20 V, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vas = —20\, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Rise Time 
Turn-Off Time 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF4117,A 
MPF4118,A 
MPF4119,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
DC AMPLIFIER TRANSISTOR 


N-CHANNEL — DEPLETION 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Vps = 0,16 = -1.0 дАдс) 
Gate Reverse Current 
(VGs = 20 Мас, Vps = 0) 


(VGs = 20 Мас, Vps = 0, TA = 125°C) 


Gate Source Cutoff Voltage 
(Vps = 10 Мас, Ip = 1.0 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 Vdc, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 10 Мас, Vas = 0, f = 1.0 MHz) 


Common-Source Forward Transconductance 
(Vps = 10 Мас, Vas = 0, f = 1.0 kHz) 


Common-Source Output Conductance 
(Vps = 10 Мас, VGs = 0, f = 1.0 kHz) 


MAXIMUM RATINGS 


MPF4117, 4118, 4119 
MPF4117A, 4118A, 4119A 


MPF4117, 4118, 4119 
MPF4117A, 4118A, 4119A 


MPF4117,A 
MPF4118,A 
MPF4119,A 


MPF4117,A 
MPF4118,A 
MPF4119,A 


MPF4117,A 
MPF4118,A 
MPF4119,A 


MPF4117,A 
MPF4118,A 
MPF4119,A 


рм ee oe w 
| Drain-Source Voltage — | № | -æ | ve | 
| Drain-Gate Voltage | Моб | -w | Vd | 
[GaeCuren |10 | в | таг | 


Total Device Dissipation @ TA = 25°C S^ 
Derate above 25°C E 


Storage Channel Temperature Range —65 to +125 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


V(BR)GSS 


VGS(off) 


(1) Ipss is measured during a 2.0 ms interval 100 ms after power is applied. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


6-180 


MPF4117,A, MPF4118,A, MPF4119,A 


FIGURE 1 — TRANSFER CHARACTERISTICS 


Ip, DRAIN CURRENT (uA) 


FIGURE 2 — TRANSCONDUCTANCE CHARACTERISTICS 


500 
ЕШ ик ка а ПИ ШИ ж БЕ 

| 1.1 р ew 
| | tc = зе 


9fs, FORWARD TRANSCONDUCTANCE (mhos) 


i 
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Vas, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF4220,A 
MPF4221,A 
MPF4222,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
| Rating — | Symbol | Маше | Unit | 
Drain-Source Voltage 30 Vdc 
0 Vde 


Drain-Gate Voltage VpG 3 
Gate-Source Voltage VGs 30 Vdc 


Reverse Gate-Source Voltage VGSR Vdc 


IG 
Total Device Dissipation @ Ta = 25°C 310 mW 
Derate above 25°C 2.82 mW^C 


Storage Temperature Range —65 to +150 °С 


JFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Ма | Max [| Unit 
OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS —30 Vdc 
(IG = —10 дА, Vps = 0 V) 
Gate Reverse Current 1555 — — 100 pA 
(VGs = -15 V, Vps = 0 V) 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 15 V, Ip = 0.1 nA) MPF4220,A == -4.0 
MPF4221,A — — 6.0 
MPF4222,A — —8.0 
Gate Source Voltage VGs Vdc 
(Vps = 15 V, Ip = 50 дА) MPF4220,A —0.5 -2.5 
(Vps = 15 V, ID = 200 дА) MPF4221,A -1.0 —5.0 
(Vps = 15 V, Ip = 500 uA) MPF4222,A -2.0 —6.0 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = 15 Volts, Vas = 0 V) MPF4220,A 


MPF4221,A 
MPF4222,A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, f = 1.0 kHz, VGS MPF4220,A 
MPF4221,A 
MPF4222,A 


Output Admittance 
(Vps = 15 V, f = 1.0 kHz, VGS MPF4220,A 
MPF4221,A 
MPF4222,A 


Input Capacitance 
(Vps = 15 V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, f = 100 Hz, Rg = 1.0 МО) MPF4220,A 


MPF4221,A 
MPF4222,A 


*Pulse Width = 100 msec, Duty Cycle = 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPF4223 
MPF4224 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
| Rating [зы | Маше | Unt | 
| Drain-Source Voltage | Yos | з | vd | 
| Drain-Gate Voltage | we | æ | Уж | 
[Drain Current — | p | 2 | m | 
[Gate Current — |9 | то | m | 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 етене | Symb! | Ма | Me | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(ig = —10 uA) 
Gate 1 Leakage Current 


(VG1s = -20 V) MPF4223 
MPF4224 


Gate Source Cutoff Voltage 
(Ip = 0.25 nA, Vps = 15 V) MPF4223 
(Ip = 0.5 nA, Vps = 15 V) MPF4224 


Gate Source Voltage 
(Ip = 0.3 mA, Vps = 15 V) MPF4223 
(Ip = 0.2 mA, Vps = 15 V) MPF4224 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V) MPF4223 
MPF4224 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance ИА 
(Vps = 15 V, Vas = 0 V, f = 1.0 kHz) MPF4223 
MPF4224 


Output Conductance 
(Vps = 15 V, Vas = 0 V, f = 200 MHz) 


Input Capacitance 
(Vps = 15V, Vas = 0 V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, Vas = 0 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Vas = 0 V, Rg = 1.0 КО, f = 200 MHz) MPF4223 (Only) 


Common Source Power Gain 


(Vps = 15 V, Vas = 0 V, f = 200 MHz) MPF4223 (Only) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF4391 
MPF4392 
MPF4393 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
ә |өте) Value | unt | 
| Drain-Source Voltage | Vos | æ | уж | 
amen мв ю | Me | 


Total Device Dissipation @ Ta = 25°С стан. 
Derate above 25°C mW^C 
Operating and Storage Channel Tchannel, | —65 to +150 
Temperature Range Tstg 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | Max | Unit | 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 1.0 „Адс, Vps = 0) 
Gate Reverse Current 1555 
0) nAdc 
0, Ta = 100°C) uAdc 


(VGs = 15 Vdc, Vps 
(VGs = 15 Vdc, Vps 
Drain-Cutoff Current ID(off) 
(Vps = 15 Vdc, VGs = 12 Vdc) 
(Vps = 15 Vdc, VGs = 12 Vdc, TA = 
Gate Source Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) MPF4391 
MPF4392 
MPF4393 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


100°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vdc, VGs = 0) MPF4391 
MPF4392 
MPF4393 


Drain-Source On-Voltage VDS(on) 
(ID = 12 mAdc, VGs = 0) MPF4391 
(Ip = 6.0 mAdc, VGs = 0) MPF4392 
(ID = 3.0 mAdc, Vas = 0) MPF4393 


Static Drain-Source On Resistance DS(on) 
(Ip = 1.0 mAdc, Vas = 0) MPF4391 
MPF4392 

MPF4393 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, Ір = 60 mAdc, f = 1.0 kHz) MPF4391 
(Vps = 15 Vdc, Ip = 25 mAdc, f = 1.0 kHz) MPF4392 
(Vps = 15 Мас, Ip = 5.0 тАас, f = 1.0 kHz) MPF4393 


Drain-Source “ON” Resistance Tds(on) 
(VGs = 0, Ip = 0, f = 1.0 kHz) MPF4391 
MPF4392 
MPF4393 


Input Capacitance 
(Vas = 15 Мас, Vps = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPF4391, MPF4392, MPF4393 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Г к о [Гы 


Reverse Transfer Capacitance 


(VGs = 12 Мас, Vps = 0, f = 1.0 MHz) 
(Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Rise Time (See Figure 2) 
(ID(on) = 12 mAdc) MPF4391 
(ID(on) = 6.0 mAdc) MPF4392 
(1 = 3.0 mAdc) МРР4393 


Fall Time (See Figure 4) 
(VGS(off) = 12 Vdc) MPF4391 
(Ус$(о#) = 7.0 Мас) MPF4392 
5.0 Vdc) MPF4393 


Turn-On Time (See Figures 1 and 2) 
(Ip(on) = 12 mAdc) MPF4391 
tunt = 6.0 mAdc) MPF4392 
(1р(оп) = 3.0 mAdc) MPF4393 


Turn-Off Time (See Figures 3 and 4) 
(VGS(off) = 12 Мас) MPF4391 
(VGS(off) = 7.0 Мас) MPF4392 
(VGS(off) = 5.0 Мас) MPF4393 


(1) Pulse Test: Pulse Width = 100 из, Duty Cycle = 1.0%. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — TURN-ON DELAY TIME FIGURE 2 — RISE TIME 
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MPF4391, MPF4392, MPF4393 


NOTE 1 
The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT 


9 *VDD interval, the gate voltage is at Gate Supply Voltage (- Va). The 
Drain-Source Voltage (Vpg) is slightly lower than Drain Supply. 
Ro Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crss) or Gate-Drain Capacitance (Сад) is charged to 
SET VDS(olf) * 10 V VGG + Vps. 


During the turn-on interval, Gate-Source Capacitance (Сас) dis- 
charges through the series combination of RGen and Rx. Cod 
must discharge to Vps(on) through Ас and Rx in series with the 
parallel combination of effective load impedance (R'p) and Drain- 
Source Resistance (rgs). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance го; is a function of the gate-source voltage. While Cg, 
discharges, Vs approaches zero and rg, decreases. Since Сад 
discharges through где, turn-on time is non-linear. During türnott. 


INPUT PULSE AGG > Rx = the situation is reversed with га; increasing as Сод charges. 

пау The above switching curves show two impedance conditions; 1) 
PULSE WIDTH * 20 us R RptRr*50! R 
DUTY CYCLE 520 D ГЕ Y] K is equal to Rp: which simulates the switching behavior of 


cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) Rx = 0 (low imped- 
ance) the driving source impedance is that of the generator. 


FIGURE 6 — TYPICAL FORWARD TRANSFER ADMITTANCE FIGURE 7 — TYPICAL CAPACITANCE 
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MPF4391, MPF4392, MPF4393 


FIGURE 10 — EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 


NOTE 2 
90 9.0 
РЯ The Zero-Gate-Voltage Drain Current (1055), is the principle deter- 
к 80 м 8.0 ы minant of other J-FET characteristics. Figure 10 shows the 
5 т 70 & relationship of Gate-Source Off Voltage (VGs(ofr)) and Drain- 
5? || rDS(on) @ Vas = 0 ДУГ] | а Source On Resistance (rqs(on)) to 105$. Most of the devices will 
нъ 60 rT WI = mmu 60 2 Бе within +10% of the values shown in Figure 10. This data will 
ss 50 M | >= se) - 5.0 26 be и predicting the characteristic variations for а given 
= part number. 
25 алаш Pam а 82 For example: 
59% > 40 ui P 
22 а » гата VT Unknown 
EI = Sean, =: s ШЕ ШИ | ° a Tds(on) and VGs range for an MPF 4392 
$ 2 e 20 2 The electrical characteristics table indicates that an MPF4392 
š и БА 48 has ап 1055 range of 25 to 75 mA. Figure 10, shows rgs(on) 


= 52 Ohms for 105$ = 25 mA and 30 Ohms for Ipss = 75 mA. 


The corresponding VGs values are 2.2 volts and 4.8 volts. 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150° 


1055, ZERO-GATE-VOLTAGE DRAIN CURRENT (mA) 
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MPF4416,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rang — | Symbol | Value | Unt | 


Gate-Source Voltage VGs Vdc 
MPF4416 
MPF4416A 


Gate Current а | 1 | mà | 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ TA = 25°C 300 mW 
r= 710 above 25°C We x 7 MEE 
Lead | Lead Temperature sid 


Operating and Storage Junction Lh БЕГЕН 2 to + = 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = -1.0 ДА) MPF4416 
MPF4416A 


Gate Reverse Current 
(VGs = -20 V) 
Gate Source Cutoff Voltage 


(Vps = 15 У, Ip = 1.0 nA) MPF4416 
MPF4416A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15V, f = 1.0 kHz) 


Input Admittance 
(Vps = 15 V, f = 100 MHz) 
(Vps = 15 V, f = 400 MHz) 


Output Admittance \Yos! 
(Vps = 15 V, f = 1.0 kHz) 


Output Conductance Relyos) 
(Vps = 15 V, f = 100 MHz) 
(Vps = 15 V, f = 400 MHz) it 
Forward Transconductance* 
(Vps = 15 V, f = 400 MHz) 


Input Capacitance 
(Vps = 15 V, = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vps = 15 V, Ip = 5.0 mA, Rg = 1.0 kQ, f = 100 MHz) 
(Vps = 15 V, Ip = 5.0 mA, Rg = 1.0 kQ, f = 400 MHz) 


Common Source Power Gain 
15 V, Ip = 5.0 mA, f = 100 MHz) 
15 V, Ip = 5.0 mA, f = 400 MHz) 


*Pulse Test Duration — 2.0 msec. 
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MPF4856,A 
thru 
MPF4861,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


MPF4856,A 
МРР4857,А |МРР4860,А 
Rating МРР4858,А |МРР4861,А 
Drain-Source Voltage 
Drain-Gate Voltage мас 
Reverse Gate-Source Voltage VGSR ЕЕ Мас 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to 2N4856 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | Mex | Unt | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
Па = 1.0 Adc, Vps = 0) MPF4856,A, MPF4857,A, MPF4858,A 
MPF4859,A, MPF4860,A, MPF4861,A 


Gate Reverse Current 
(VGs = -20 Мас, Vps 
(Мс = -15 Мас, Vps 


MPF4856,A, MPF4857,A, MPF4858,A 
МРЕ4859,А, MPF4860,A, MPF4861,A 
(VGs = -20 Vdc, Vps = 0, Ta = 150°C) MPF4856,A, MPF4857,A, MPF4858,A 
(VGS = —15 Vdc, Vps = 0, Ta = 150°C) MPF4859,A, MPF4860,A, MPF4861,A 


Gate Source Cutoff Voltage VGSIoff) 
(Vps = 15 Vdc, Ip = 0.5 пАдс) MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 

MPF4858,A, MPF4861,A 


Won won 


Drain Cutoff Current 
(Vps = 15 Мас, Vgs = - 10 Мас) 
(Vps = 15 Мас, Vgs = - 10 Мас, Ta = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 

(Vps = 15 Мас, VGs = 0) MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 


Drain-Source On-Voltage 
(Ip = 20 mAdc, Vas = 0) MPF4856,A, MPF4859,A 
(1р = 10 mAdc, VGs = 0) MPF4857,A, MPF4860,A 
(1р = 5.0 mAdc, VGs = 0) MPF4858,A, MPF4861,A 


20 
8.0 
7 H 
SMALL-SIGNAL CHARACTERISTICS 
Drain-Source “ON” Resistance гаѕ(оп) 
(VGs = 0, Ip = 0, f = 1.0 kHz) МРР4856,А, МРР4859,А 
МРР4857,А, МРР4860,А 
MPF4858,A, MPF4861,A 


Input Capacitance Ciss 
(Vps = 0, Vas = -10 Мас, f = 1.0 MHz) MPF4856 thru MPF4861 
MPF4856A thru MPF4861A 


Reverse Transfer Capacitance Crss 
(Vps = 0, Vas = —10 Vdc, f = 1.0 MHz) 
MPF4856 thru MPF4861 
MPF4856A, MPF4859A 
MPF4857A, MPF4858A, MPF4860A, MPF4861A 
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MPF4856,A thru MPF4861,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS 


Turn-On Conditions for MPF4856,A, MPF4859,A: MPF4856, MPF4859 
Delay Time MPF4856A, MPF4859A 
(Vpp = 10 Мас, Ipjon) = 20 mAdc, MPF4857, MPF4860 
VGS(on) = 0, VGS(off) = - 10 Мас) MPF4857A, MPF4860A 
MPF4858, MPF4861 
MPF4858A, MPF4861A 


Rise Time Conditions for MPF4857,A, MPF4860,A: MPF4856,A, МРҒ4859,А 
MPF4857,A, MPF4860,A 


(Уро = 10 Мас, Ip(on) = 10 mAdc, MPF4858, MPF4861 


VGS(on) = 0, VGS(off) = - 6.0 Vdc) МРР4858А, MPF4861A 


Turn-Off Time MPF4856, MPF4859 
Conditions for MPF4858,A, MPF4861,A: MPF4856A, MPF4859A 

MPF4857, MPF4860 
(Vpp = 10 Vdc, ID(on) = 5.0 mAdc, MPF4857A, MPF4860A 

VGS(on) = 0, VGS(off) = -4.0 Мас) МРР4858, MPF4861 
MPF4858A; MPF4861A 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 
(2) The Ip(on) values are nominal; exact values vary slightly with transistor parameters. 
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U308 
U309 
U310 


CASE 27-02, STYLE 4 
TO-52 (TO-206AC) 


MAXIMUM RATINGS 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|22 се | Symb | ма | тур | мах | џл | 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 1.0 мА, Vps = 0) 

Gate Reverse Current 
(Vas = – 15 V) 
(Vas = 0, Ta = 125°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 10 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 V, VGs = 0) 


Gate-Source Forward Voltage 
(ig = 10 mA, Vps = 0) 


SWITCHING CHARACTERISTICS 


Common-Gate Forward Transconductance(1) 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, ID = 10 mA, f = 1.0 kHz) 


Drain-Gate Capacitance 
(Vas = -10 V, Vps = 10 V, f = 1.0 MHz) 


Gate-Source Capacitance 
(Ves = -10 V, Vps = 10 V, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 V, 1р = 10 mA, f = 100 Hz) 


(1) Pulse test duration — 2.0 ms. 
(2) See Figures 10 and 11 for Noise Figure and Power Gain information. 
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U308, U309, U310 


FIGURE 1 — 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 


502 EPI @ 502 
Source T LOAD 
Q 
'"Vpp 
C1 = C2 = 0.8 10 pF. „ЕО =MVMO10W 
C3 = C4 = 8-35 pF Erie 2539-0020 
C5 = Сб = 5000 pF Erie (2443 000) 
C7 = 1000 pF. Allen Bradley #FA5C 
RFC = 0.33 uH Miller #9230-30. 
L1 = One Turn #16 Cu, 1/4" 1.0. (Air Core) 
L2p= One Turn #16 Cu, 1/4" I.D. (Air Core). 
126 = One Turn 216 Cu, 1/4" 1.0. (Air Core) 
FIGURE 2 — DRAIN CURRENT and TRANSFER FIGURE 3 — FORWARD TRANSCONDUCTANCE 
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NF, NOISE FIGURE (dB) 
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FIGURE 6 — COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 
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FIGURE 7 — COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY 
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FIGURE 11 — NOISE FIGURE and 
POWER GAIN versus FREQUENCY 
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FIGURE 12 — 450 MHz IMD EVALUATION AMPLIFIER 


C1 | ce 


Bw (3dB) — 36.5 MHz 

Ip — 10 mAdc 

Vps — 20 Мас 

Device case grounded 

IM test tones — f1 - 449.5 MHz, f2 - 450.5 MHz 


L3 OUTPUT 
В, = 502 


C1 = 1-10 pf Johanson Air variable trimmer. 
C2, C5 = 100 pf feed thru button capacitor 


14 C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer 


= 1/8" x 1/32” x 1-5/8" copper bar 
L2, L4 = Ferroxcube Vk200 choke 
L3 = 1/8" x 1/32" x 1-7/8" copper bar. 


Vs 


V 
SHIELD D 


Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 


FIGURE 13 — TWO TONE 3RD ORDER INTERCEPT POINT 


U310 JFET 3RD ORDER INTERCEPT POINT 
VDS = 20 Мас 
Ip = 10 mAdc 


F1 = 449,5 MHz 
F2 = 450.5 MHz 


[| | | олива опел ar LI 


Example of intercept point plot use: 
Гы ЗАО ORDER IMD = in Assume two in-band signals of -20 dBm at the amplifier input. 


They will result in a 3rd order IMD signal at the output of -90 
dBm. Also, each signal level at the output will be - 11 dBm, show- 
ing an amplifier gain of 9.0 dB and an intermodulation ratio (IMR) 
Y capability of 79 dB. The gain and IMR values apply only for signal 
-120 -100 -80 -60 -40 -20 0 +20 levels below compression. 


INPUT POWER PER TONE (dBm) 


OUTPUT POWER PER TONE (dBm) 
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ТТ ТТ 


CASE 20-03 CASE 22-03 CASE 26-03 CASE 31A-01 
(TO-72) (TO-18) (TO-46) 


"m 


CASE 79-02 CASE 79-03 CASE 244-01 
(TO-39) (TO-117) 


CASE 249-05 CASE 303-01 CASE 305-01 


‚ 4 


CASE 305A-01 CASE 317-01 CASE 317A-01 


CASE 358-01 CASE 654-02 CASE 714-02 
(TO-78) 


Small-signal high-frequency transistors and hybrid modules 
from Motorola are characterized as low-noise amplifiers, oscil- 
lators, high-speed switches, Class A linear amplifiers, and Class 
C amplifiers. Packaging options include plastic/ceramic stripline 
and metal can. 


RF Transistors 


2N2857 
2N3839 


2N2857 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 
MAXIMUM RATINGS 


Rating Symbol Value Unit 


Collector-Emitter Voltage VCEO 15 Vdc 


Collector-Base Voltage VCBO 30 Vdc 
Emitter-Base Voltage 0 мас 
Collector Current — Continuous mAdc 


Total Device Dissipation (a TA = 25°C 200 mW 
Derate above 25°C 1.14 mW^C 


Total Device Dissipation @ Tc = 25°C Pp 300 mW 
Derate above 25°C 1.72 mW/°C 


Storage Temperature Та — 65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [sym | ма | me | мы | ww | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* V(BR)CEO 15 Vdc 
(с = 3.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 дАдс, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current 


(Усв = 15 Мас, ЈЕ = 0) Both Types 
(Усв = 15 Мас, lg = 0, TA = 150°C) 2N3839 


ON CHARACTERISTICS 


DC Current Gain hFE 30 — 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(с = 5.0 mAdc, Vcg = 6.0 Мас, f = 100 MHz) 2N2857 
2N3839 


Collector-Base Capacitance 
(Vcg = 10 “ас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 
(Ic = 2.0 mAdc, УСЕ = 6.0 Мас, = 1.0 kHz) 


Collector Base Time Constant 
(lE = 2.0 mAdc, Vcg = 6.0 Мас, f = 31.9 MHz) 2N2857 
2N3839 


Noise Figure (Figure 1) 
(IE = 0.1 mAdc, Vcg = 1.0 Мас, Rg = 50 ohms, f = 450 MHz)(2) Both Types 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50 ohms, f = 450 MHz) 2N2857 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
ЧЕ = 0.1 mAdc, МСЕ = 1.0 Vdc, = 450 MHz, Rs = 500))(2) 
(с = 1.5 mAdc, Vcg = 6.0 Мас, f = 450 MHz, Rs = 500) 


Power Output (Figure 2) 
ЧЕ = 12 mAdc, Vcg = 10 Мас, f = 500 MHz) 


(1) fr is defined as the frequency at which |hre| extrapolates to unity. 
(2) Micro-Power Specifications. 
*Indicates Data in addition to ЈЕРЕС Requirements. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N2857 e 2N3839 


FIGURE 2 — TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 


FIGURE 1 — TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 


Capacitance values in pF 


Vin 


Rs = 502 


500 
DOUBLE-STUB 
TUNER 


Ц - 3 turns #16 AWG wire, 3/8" 0.0. 1-1/4" long 


O VEE = -7.5 Vde 


Capacitance values in pF 


L1, L2 – Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install Apply VEE, and with signal generator adjusted for 5 mV 


at least 1/2" from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 


L3 - 1/2 turn #16 AWG wire, located 1/4" from and maximum output. 
parallel to L2. (D) Interchange connections to signal generator and 
* — External interlead shield to isolate collector lead from RF voltmeter. 
emitter and base leads. (E) With sufficient signal applied to output terminals of 
Neutralization Procedure amplifier, adjust C2 for minimum indication at input. 
(A) Connect 450-MHz signal generator (with Rg = 50 ohms) (F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary 


to input terminals of amplifier. 
(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier 


FIGURE 3 — NOISE FIGURE versus FREQUENCY FIGURE 4 — NOISE FIGURE versus SOURCE 
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FIGURE 16 — $11, INPUT REFLECTION COEFFICIENT AND 522, OUTPUT REFLECTION COEFFICIENT 
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2N3553 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 


Total Device Dissipation @ Tc = 25°C NPN SILICON 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 се | Symb | Mi | Te | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) УСЕО(виз) Мас 
(Ic = 200 mAdc, Ів = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.1 тАдс, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 30 Vdc, lg = 0) 


Collector Cutoff Current 


(VcE = 30 Мас, VBE(off) = 1.5 Мас, Тс = 200°C) 


(МСЕ = 65 Vdc, VgE(off) = 1.5 Мас) 


Emitter Cutoff Current 
(УВЕ = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(с = 250 mAdc, Vcg = 5.0 Мас) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(с = 250 mAdc, lg = 50 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 100 mAdc, Vcg = 28 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 30 Мас, lg = 0, f = 100 kHz) 


FUNCTIONAL TEST (FIGURE 2) 


Amplifier Power Gain 
(МСЕ = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 


Collector Efficiency 


(Мсе = 28 Vdc, Poyt = 2.5 Watts, f = 175 MHz) 


Power Input 
(VcE = 28 Vdc, Poyt = 2.5 Watts, f = 175 MHz) 


(1) Pulsed thru a 25 mH inductor. 
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2N3553 


FIGURE 1 — OUTPUT POWER versus FREQUENCY 


№ 


a 
- 
- 
< 
= 
= 
> 
а 
— 
=] 
o 
- 
ш 
= 
o 
a 
ч. 
- 
5 
5 
a 


100 150 
f, FREQUENCY (MHz) 


FIGURE 2 — 175 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 
* 


28 Vdc 
(1-2 Turns #16 AWG Wire 3/16” I.D., 1/4" Long 
L2 —2 Turns #16 AWG Wire 3/16” I.D., 1/4" Long 


L3—3 Turns #16 AWG Wire 3/8” I.C., 3/8" Long 


L2 


RF Output 


3.0-35 pF 


3.0-35 pF 


2N3839 For Specifications, See 2N2857 Data. 
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2N3866 
2N3866A 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


|2 Cheracteristie | ӛте | Mi | Mex | Unit | 


OFF CHARACTERISTICS 
DONDE 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current ІСЕО mAdc 
(МСЕ = 28 Мас, Ip = 0) 


Collector Cutoff Current 
200 
200 


(МСЕ = 30 Мас, МВЕ = - 1.5 Мас (Rev.), Тс = 200°C) 
(УСЕ = 55 Мас, УВЕ = -1.5 Мас (Rev.) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 100 mAdc, Ів = 20 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(Ic = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 2N3866 
2N3866A 


Output Capacitance 
(Vcg = 28 Vdc, ЈЕ = 0, = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Amplifier Power Gain 
(Усс = 28 Мас, Pout = 1.0 W, f = 400 MHz) 


Emitter Cutoff Current 
(УВЕ = 3.5 Мас, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 360 mAdc, Vcg = 5.0 Мас) Both 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 2N3866 


Collector Efficiency 
(Усс = 28 Мас, Pout = 1.0 W, f = 400 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3866 e 2N3866A 


Pout, OUTPUT POWER (WATTS) 


rp'Cc, COLLECTOR BASE TIME CONSTANT (pS) 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


C5 L5 


RF 
B Outputs 


Inputs 


C1: 3.0-35 pF 
C2,C5: 8.0-60 pF 
C3: 12 pF 

C4: 1000 pF 


Сб: 0.9-7.0 pF 28 Vdc 
L1: Two turns #18 Wire, $ 
1/4" ID, 1/8" long 


L2: FERRITE RF Choke, 
One Turn, z = 450 Ohms 
L3,L4: RF Choke, 0.1 uH 
L5: 2-3/4 Turns, #18 Wire, 
1/4" 10, 3/16" long 
R1: 5.6 Ohms 


FIGURE 2 — POWER OUTPUT versus 
FREQUENCY (Class C) FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


1000 


800 


600 


400 


200 


fT. CURRENT-GAIN BANDWIDTH PRODUCT (MHz) 


` 100 200 300 400 500 600 0 20 40 60 80 100 12 14 160 
t, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) 
FIGURE 4 — COLLECTOR-BASE TIME CONSTANT FIGURE 5 — OUTPUT CAPACITANCE 
8.0 r in T ЕЗ 
=b 4 E 


Cob, OUTPUT CAPACITANCE (pF) 


VCE = 15 Vdc 
f = 31.8 MHz 


0 50 0 15 20 — 25 30 35 40 
1с, COLLECTOR CURRENT (mA) Усв, COLLECTOR BASE VOLTAGE (VOLTS) 
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2N3866 e 2N3866A 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 
(CLASS C) FIGURE 7 — SMALL-SIGNAL CURRENT GAIN 
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FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT 
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2N3866 e 2N3866A 


FIGURE 10 — S21 versus FREQUENCY FIGURE 11 — $12 versus FREQUENCY 
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2N3948 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Emitter Voltage veo | 20 | ме | 
Collector-Base Voltage VCBO м | 
Emitter-Base Voltage VEBO _ | Vdc 


Collector Current — Continuous | dc | 40 | mad | 
Total Device Dissipation @ TA = 25°C 1.0 Watt 
Derate above 25°C 5.71 mW^C 
Operating and Storage Junction TREN —65 to +200 *C 
AER арене ibas HIGH FREQUENCY TRANSISTOR 


THERMAL CHARACTERISTICS NPN SILICON 


Thermal Resistance, Junction to Case | Rac | 35 | см | 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage УСЕО(зиз) Мас 
(Ic = 5.0 mAdc, IB = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 mAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 


(Усв = 15 Мас, Ig = 0) 
(Vcg = 15 Vdc, lg = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
ЧЕ = 50 mAdc, Vcg = 15 Мас, f = 200 MHz) 


Output Capacitance 
(Vcg = 15 Vdc, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


(Vcc = 13.6 Мас, f = 400 MHz, Pin = 0.25 W) 
Collector Efficiency 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3948 


FIGURE 1 — 400 MHz RF AMPLIFIER TEST CIRCUIT 


L1 — 2 Turns #18 Tinned Wire, 3/16 1.0. 1000 pF 


1/4" Long, Air Wound. о + 
L2 — 2 Turns #18 Tinned Wire, 1/2 I.D., 0.01 рғ 13.6 Vdc 
3/16'' Long, Air Wound. | _— Tee 2 4: 


* Air Variable Capacitors 


L2 1-10 pF* 


RF Output 


RF Input 


1-10* pF 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
8.0 


Рош = 1.5 Watt 
1.0 Watt 


6.0 


Pout, OUTPUT POWER (WATTS) 
Cob, PARALLEL EQUIVALENT 


OUTPUT CAPACITANCE (pF) 
> 
e 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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2N3959 
2N3960 


MAXIMUM RATINGS 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS HIGH FREQUENCY TRANSISTOR 


Characteristic 


NPN SILICON 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


2 Characteristic | Sym! | Mm | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 uAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 дАдс, Ic = 0) 
Collector Cutoff Current 


(УСЕ = 10 Мас, Veg = 2.0 Мас) 
(VCE = 10 Мас, Veg = 2.0 Vdc, ТА = 150°C) 


Collector Forward Current ІСЕХ рАас 
(УСЕ = 5.0 Мас, УВЕ = 0.4 Vdc) 

Base Cutoff Current IBL pAdc 
(УСЕ = 10 Мас, Veg = 2.0 Мас) 


ON CHARACTERISTICS 
DC Current Gain 

ке ==“) 
УВЕ(оп) Мас 
0.8 
1.0 


(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(С = 30 mAdc, VCE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, Ів = 0.1 mAdc) 
(Ic = 30 mAdc, в = 3.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 1.0 mAdc, Vcg = 1.0 Мас) 
(с = 30 mAdc, Vcg = 1.0 Уас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 4.0 Мас, f = 100 MHz) 2N3959 
2N3960 


(Ic = 10 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N3959 
2N3960 


(с = 30 mAdc, Vcg = 4.0 Vdc, f = 100 MHz) 2N3959 
2N3960 


Output Capacitance 
(Vcg = 4.0 Мас, lg = 0, f = 1.0 MHz) 
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2N3959 @ 2N3960 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


Collector Base Time Constant 
(с = 5.0 mAdc, МСЕ = 4.0 Мас) 2N3959 
2N3960 


(Ic = 10 mAdc, Vcg = 10 Vdc) 2N3959 
2N3960 


(Ic = 30 mAdc, ҮСЕ = 4.0 Vdc) 2N3959 
2N3960 


SWITCHING CHARACTERISTICS (FIGURE 7) 


Turn-On Delay Time 
(Ic = 10 mAdc, Vout = 1.0 Мас) 
(с = 30 mAdc, Моц; = 1.0 Мас) 
Rise Time 
(Ic = 10 mAdc, Voyt = 1.0 Vdc) Both Devices 
(с = 30 mAdc, Voyt = 1.0 Мас) 2N3959 
2N3960 


Turn-Off Delay Time 
(Ic = 10 mAdc, Voyt = 1.0 Vdc) 
(с = 30 mAdc, Мош = 1.0 Мас) 
Fall Time 
(Ic = 10 mAdc, Vout = 1.0 Мас) Both Devices 
(с = 30 mAdc, Voyt = 1.0 Vdc) 2N3959 
2N3960 


FIGURE 2 — TYPICAL CURRENT-GAIN — BANDWIDTH 
FIGURE 1 — TYPICAL DC CURRENT GAIN PRODUCT 
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ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


0.5 RU 50 70 10 50 1.0 0 30 50 70 10 20 30 50 70 100 
е pem CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
FIGURE 3 — TYPICAL COLLECTOR-BASE TIME CONSTANT FIGURE 4 — TYPICAL JUNCTION CAPACITANCE 


CAPACITANCE (pF) 


rb Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


0 40 80 12 16 20 24 28 32 38 40 
Іс. COLLECTOR CURRENT (mA) Ж, КЕЗЕН: інде Mes 
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2N3959 e 2N3960 


TURN-ON AND TURN-OFF TIMES 
FIGURE 5 — Vout = 1.0 Vdc FIGURE 6 — Vout = 2.0 Vdc 


= E 
z z 
Е Е 
— 
ж ОО ыыы 
10 20 30 4050 70 10 20 3 “10 20 30 40 50 70 10 20 30 
Іс, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (тА) 
FIGURE 7 — SWITCHING TIMES TEST CIRCUIT 
Ọ Vcc (+5.3 V) 
Усс 1 
n та 
FM Vout i 
tr, Ч < 1.0 ns To Scope 
Pulse Width = 10 us Channel 1 Ground To Scope 
Planes Channel 2 
6 dB pad | 
sit С; + 2.5 pF 
Re 
Veg (-25.3 У)О 

This test set up is designed to simulate 

a cascade of identical stages. .. The source 

resistance (Rs) equals the load resistance 

(RL). Values used in the test are shown Нек RE (0) 

For Vin = Vout = 1 V, Vag = +0.5 V, 
RL & Як values appropriately reduced. 
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2N4427 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Emitter-Base Voltage VEBO 2.0 Vdc 
|BaeCurem | в | — 4» тдас 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature — 65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic [Symb | min | Me | Um | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCER(sus) 40 Vdc 
(Ic = 5.0 mAdc, RBE = 10 ohms) 

Collector-Emitter Sustaining Voltage VCEO(sus) 20 
(с = 5.0 mAdc, Ів = 0) 

Collector Cutoff Current ІСЕО = 
(Vce = 12 Vdc, lg = 0) 

Collector Cutoff Current ІСЕУ 


(Vcg = 40 Мас, VBE = -1.5 Мас) 
(МСЕ = 12 Мас, МВЕ = -1.5 Мас, Тс = +150°С) 


Emitter Cutoff Current 
(МЕВ = 2.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 5.0 Мас) 
(с = 360 mAdc, МСЕ = 5.0 Мас) 


Collector-Emitter Saturation Voltage 
(с = 100 mAdc, Ів = 20 mAdc) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcg = 12 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 2) 


Common-Emitter Amplifier Power Gain 
(Pin = 100 mW, Усс = 12 Мас, f = 175 MHz) 


Collector Efficiency n % 
(Pout = 1.0 W, Усс = 12 Мас, f = 175 MHz) 
Power Input mW 
(Pout = 1.0 W, Vcc = 12 Vdc, f = 175 MHz) 
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2N4427 


FIGURE 1 — POWER OUTPUT versus FREQUENCY 
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FIGURE 2 — 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C1, C2, L3: 2 turns No. 
C3, and C4: 3-30 pF 16 wire, 
14" 10, 


C5: 1,000 pF А. 
RF Output C6. 0.01 uF 1/4" long 


L4: 4 turns No. 
16 wire, 
3/8" 10 
3/16" ID, Marr 
1/4" long 3/8" long 
L2- Ferrite choke, а: 2N4427 
Z = 450 ohms 


L1: 2 turns No. 
16 wire, 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-19 


2N4957 
2N4958 
2N4959 
2N5829 


2N4957 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 


TO-72 (TO-206AF) MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage VCBO 30 


Emitter-Base Voltage 


Collector Current — Continuous іс 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symb | min | Tw | Max | vw | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 тАдс, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, Іс = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, ЈЕ = 0) 
(Усв = 10 Vdc, lp = 0, TA = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hrE 20 40 150 — 
(Ic = 2.0 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) {т MHz 
ЧЕ = 2.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 2N4957, 2N5829 1200 1600 2500 
2N4958, 2N4959 1000 1500 2500 
Collector-Base Capacitance Ccb — 0.4 0.8 pF 
(VcB = 10 Vdc, ЈЕ = 0, f = 1.0 MHz) 
Small Signal Current Gain hfe 20 — 200 — 


(с = 2.0 mAdc, Vcg = 10 Мас, = 1.0 kHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc, Vcg = 10 Мас, f = 63.6 MHz) 


Noise Figure (Figure 1) NF dB 
(Ic = 2.0 mAdc, Vcg = 10 Мас, f = 450 MHz) 2N5829 -- 2.3 2.5 
2М4957 — 2.6 3.0 
2N4958 -- 2.9 3.3 
2N4959 — 3.2 3.8 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(УСЕ = 10 Мас, Ic = 2.0 mAdc, f = 450 MHz) 2N4957, 2N5829 


2N4958 
2N4959 


(1) fr is defined as the frequency at which |hre| extrapolates to unity. 
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2М4957 е 2N4958 e 2N4959 e 2М5829 


FIGURE 1 — NOISE FIGURE AND POWER GAIN 
TEST CIRCUIT 


e 


Vin 
Ag=500hms СІ 


C1,C2,C3.C4 CS 10-10 pF Variable Ан Dielectric 

Piston Type Capacitor 

L1 Silver Plated Brass Bar Stock 1 Ü in 
Long, 1/4" Diameter 

12 Silver Plated Brass Bar Stock 1 6251 
Long, 1/4" Diameter, Tapped 1/4" 
from Hot End 

13 05" Loop of #16 AWG Wire 0.375 in 
from and Parallel to L2 


Усс 


FIGURE 3 — NOISE FIGURE versus FREQUENCY 


(Rg & Ic OPTIMIZED FOR BROAD BAND PERFORMANCE) 


12 
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f, FREQUENCY, (MHz) 


FIGURE 5 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 


z 

= 

ə 

ш 

[5] 

= 

< 

ы 

2 

[77] 

ul 

с 

ш 

со 

a 

2 

e 

е 

E 

a МСЕ = 10 Мас 
f= 105 MHz T 


0.1 02 03 
1с, COLLECTOR CURRENT (mAdc) 


05 07 10 20 30 50 70 10 


SMALL-SIGNAL DEVICES 


Vout 
RL = 50 Ohms 


7-21 


NF, NOISE FIGURE (dB) Gy, UNILATERALIZED POWER GAIN (dB) 


Rs, SOURCE RESISTANCE (OHMS) 


1000 о Ышш» =—= == == x= x= — 


FIGURE 2 — UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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FIGURE 4 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 6 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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COMMON EMITTER CIRCUIT DESIGN DATA 
(VCE = 10 Мас, Іс = 2.0 тАдс) 


FIGURE 7 — TRANSDUCER GAIN 
versus FREQUENCY 


Gr, TRANSDUCER GAIN (dB) 


200 300 
f, FREQUENCY (MHz) 


500 600 


FIGURE 9 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


(NOTE 1) 


GL, REAL PART OF LOAD ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


FIGURE 11 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


NOTE 1 

Figures 7 through 18 are included to assist the circuit designer in determin 
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 

The пут “C” factor* is a measure of transistor stability when the input 
and output are terminated in the worst case (open circuit) condition. When 


* “Transistors and Active Circuits," Linvill and Gibbons, McGraw Hill, 1961 
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FIGURE 8 — LINVILL STABILITY FACTOR 
versus FREQUENCY 


Range of 
Uncondi- 


Range of 
Potential 


"C" FACTOR 


50 70 100 200 300 
f, FREQUENCY (MHz) 


500 700 1000 1500 


FIGURE 10 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 


(NOTE 1) 


22 


45 70 100 200 300 
f, FREQUENCY (MHz) 


500 600 


BL, IMAGINARY PART OF LOAD ADMITTANCE (mmhos) 


FIGURE 12 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 


(NOTE 1) 


EE 


-Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


45 70 100 200 300 500 600 
f, FREQUENCY (MHz) 
"C" 15 less than 1.0, the circuit is unconditionally stable When "C" is greater 


than 1.0, the circuit is potentially unstable 

The Stern "К" factor! has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances ЕК" 
15 greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN.215A 


t "Stability and Power Gain of Tuned Transistor Amplifiers.” Arthur P Stern, Proc 


IRE March 1967 
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GT, TRANSDUCER GAIN (dB) 


GL, REAL PART OF LOAD ADMITTANCE (mmhos) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 


COMMON BASE CIRCUIT DESIGN DATA 
(Vcg = 10 Мас, Ic = 2.0 mAdc) 


FIGURE 13 — TRANSDUCER GAIN 
versus FREQUENCY 
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FIGURE 15 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


(NOTE 1) 
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FIGURE 17 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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-BL, IMAGINARY PART OF LOAD ADMITTANCE (mmhos) 


Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


FIGURE 14 — LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 16 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 18 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 19 — SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 


q 
1 Ihrel(dB) 


hfe, SMALL-SIGNAL CURRENT GAIN 
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FIGURE 21 — fT versus COLLECTOR CURRENT 


да 
c 


о e е о 
о + c с 


іт. CURRENT.GAIN-BANDWIDTH PRODUCT (GHz) 


іс. COLLECTOR CURRENT (mAdc) 


FIGURE 23 — CAPACITANCE 
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FIGURE 20 — POLAR hfe 
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FIGURE 22 — DC CURRENT GAIN 
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FIGURE 24 — COLLECTOR CHARACTERISTICS 


VERTICAL SCALE 
16 = 10 mA/DIV 


lp = 0.02 mA/STEP 


HORIZONTAL SCALE ~ Vcg = 1.0 V/DIV 


Apply reverse bias between emitter 
and base and measure capacitance 
between these terminals. Collector is 


01 02 0.5 1.0 2.0 5.0 10 20 50 100 
REVERSE VOLTAGE (VOLTS) 
Cope 
Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
open 4 open 
Бру = 


тен 


Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
guarded. 
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450 MHz) 


(f= 


Y PARAMETERS versus CURRENT 


COMMON EMITTER 


Vcg = 10 Мас 


COMMON BASE 


МСЕ = 15 Мас — — — 


Мев = 15 Мас — — — 


Vcg = 10 Vdc 


FIGURE 26 — INPUT ADMITTANCE 


FIGURE 25 — INPUT ADMITTANCE 
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FIGURE 28 — FORWARD TRANSFER ADMITTANCE 


FIGURE 27 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 32 - REVERSE TRANSFER ADMITTANCE 


FIGURE 31 — REVERSE TRANSFER ADMITTANCE 
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іс. COLLECTOR CURRENT (mAdc) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


7-25 


2N4957 e 2N4958 e 2N4959 e 2N5829 


COMMON BASE y PARAMETER VARIATIONS 
(Vcg = 10 Мас, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY POLAR y PARAMETERS versus FREQUENCY 
FIGURE 33 — yib INPUT ADMITTANCE FIGURE 34 — yj, INPUT ADMITTANCE 
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COMMON EMITTER y PARAMETER VARIATIONS 
(УСЕ = 10 Мас, Іс = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY POLAR y PARAMETERS versus FREQUENCY 
FIGURE 41 — yje INPUT ADMITTANCE | FIGURE 42 — Yie INPUT ADMITTANCE 


Yie INPUT ADMITTANCE (mmhos) 
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FIGURE 45 — yoe OUTPUT ADMITTANCE FIGURE 46 — Yoe OUTPUT ADMITTANCE 
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2N5031 
2N5032 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| Майға | Symbol | Value | 
[Collector Emitter Voltage | Мо | то | Мас | 
18 Vac 
| Emitter-Base Voltage | Veso | 30 | vd | 
| Collector Current — Continuous | с | 20 | made | 


Total Device Dissipation @ Ta = 25°C Pp 200 mW 
Derate above 25°C 1.14 mW/^/C 


Operating and Storage Junction TJ, Tstg | -65to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 тАдс, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.01 mAdc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 0.01 mAdc, Ic = 0) 


Coliector Cutoff Current ICBO қ 
(св = 6.0 Мас, ЈЕ = 0) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ON CHARACTERISTICS 


DC Current Gain hrE 25 — 
(Ic = 1.0 mAdc, Vcg = 6.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(УСЕ = 6.0 Мас, ЈЕ = 0, f = 0.1 MHz) 


Collector Base Time Constant 
(Ic = 6.0 mAdc, УСЕ = 6.0 Мас, = 31.8 MHz) 


Noise Figure (Figure 1) 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 2N5031 
2N5032 


FUNCTIONAL TEST 


| S [t mm | 
25 dB 


Common-Emitter Amplifier Power Gain (Figure 1) 
(МСЕ = 6.0 Мас, lc = 1.0 mAdc, f = 450 MHz) 
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2N5031 e 2N5032 


FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
2.5 


1 
‘SHIELD (GROUNDED) 
= 


Ccb, COLLECTOR-BASE CAPACITANCE (pF) 


1.0 
Ct, C2, C4, C7 - 08 - 10pF 
C8-05-35pF Johanson = = 
СЗ. C5 - 500 pF Button Type о 
RI- 10k Trimpot Усс 
2 - 27k 1/4 watt 5% L3 - 1/4” Brass Rod. Solder Plated, 1.1/2" long 0.5 
R3-10k 1/4 watt 5% Placed 1/2" from the socket and in parallel 
И - 1/4" Brass Rod, Solder Plated, 1-1/8" long. with shield, which bisects the socket 
Placed 5/8" from the socket and in parallel The ungrounded side is soldered directly to 
with the shield, which bisects the socket. the ungrounded side of C7 Output tap is 
The ungrounded side is soldered directly to 15/16" from ground. 0 
the ungrounded side of C2 L4 - 1/2 Turn #16, 5/16" above L3 and 5/8” 0 20 40 60 80 10 12 14 16 18 20 
12 - 022,H long. (over L3) 


VcB, COLLECTOR - BASE VOLTAGE (VOLTS) 


FIGURE 4 — $11 AND $22 
FIGURE 3 — CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 — $12 
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2N5031 е 2N5032 


FIGURE 7 — NOISE FIGURE versus FREQUENCY 


40 
1С = 1.0 mAdc 
ҮСЕ = 6.0 Vdc 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (MHz) 


FIGURE 9 — INPUT ADMITTANCE versus FREQUENCY 


УСЕ = 6.0 Мас 
Ic = 1.0 mAdc 


Yie, INPUT ADMITTANCE (mmhos) 
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FIGURE 11 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


УСЕ = 6.0 Мас 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 
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Gpe, GROUNDED EMITTER POWER GAIN (dB) 


Yoe, OUTPUT ADMITTANCE (mmhos) 
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Yre. REVERSE TRANSFER ADMITTANCE (mmhos) 


FIGURE 8 — 


POWER GAIN versus FREQUENCY 


TUNED FOR 
MAXIMUM 


TUNED FOR 
2N5031 мпимом 
2N5032 NOISE 


5.0 
50 60 70 80 90100 200 300 500 


f, FREQUENCY (MHz) 


FIGURE 10 — OUTPUT ADMITTANCE versus FREQUENCY 


УСЕ = 6.0 Vdc 
їс = 1.0 mAdc 
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FIGURE 12 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 


T 
УСЕ = 6.0 Vdc 
16 = 1.0 mAdc 
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2N5108 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating | Symbol | Value | Uni | 
Collector-Emitter Voltage | o | 30 | Мас | 
Collector-Emitter Voltage (ВвЕ = 100) | Ус | 55 | уа | 
| Collector-Base Voltage | Veso | 55 | УЖ | 
[EmiterBase Voltage | Veso | 30 | Vd | 
| Collector Current — Continuous | |с | oa | Ade | 
Total Device Dissipation @ Тс = 25°C SSE M Watts 
Derate above 25°C М/С 


Storage Temperature —65 to +200 °С 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
[ мәне | Symb | ми | тур | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 5.0 mAdc, ВВЕ = 10 ohms) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 0.1 тАдс, Ic = 0) 
Collector Cutoff Current ІСЕО 
(Vcg = 15 Мас, lg = 0) 


Collector Cutoff Current 
(МСЕ = 50 Vdc, VBE = 0) 
(УСЕ = 15 Мас, VBE = 0, Tc = 150°C) 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage VCE(sat) — Vdc 
(Ic = 100 mAdc, lg = 10 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 1200 
(С = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(Усв = 30 Мас, lg = 0, = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1.0 W, Усс = 28 Мас, Іс = 102 mAdc, f = 1.0 GHz) 


Power Output (Figure 1) 
(Pin = 316 mW, Vcg = 28 Мас, f = 1.0 Ghz) 


Collector Efficiency (Figure 1) 
(Pin = 316 mW, Vcg = 28 Мас, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 
(МСЕ = 20 Мас, Veg = 1.5 Мас, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 
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2N5108 


FIGURE 1 — 1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 


Voc = +28 У 


BIAS TRANSISTOR 


41: 1" Input line, center conductor width = 0.280" 
92: 1" Output line, center conductor width = 0.125" 
Q: 2N5108 
R: 3.9 ohms 
T1, T2: Microlab Double Stub Tuner, or Equivalent 
Bias Tee: Microlab 08N, or Equivalent 
Transistor Mount: 1/32” Microstrip board 


Note: Impedance measurements are made at transistor socket pins. 


FIGURE 2 — 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


+VCC -Vcc =2.0V 


И, L2 — 1/16" Microstrip Board. Lines are 0.16” 
wide and 1.31” long. 
L3 - 1/16" Microstrip Board. 0.16” wide and 
0.65” long. 
L4 — RF Choke, 3.6 иНу 
C1 - 0.4 pF — 6.0 pF Johanson 4640 
L4 C2 — 1.0 pF — 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 
R — 2.0 k ohms Miniature Trim pot 


OUTPUT 
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2N5108 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 


Pin, POWER INPUT (WATTS) 


FIGURE 5 — OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE 


Pin = 0.31 W 
f = 10 GHz 


Pout, OUTPUT POWER (WATTS) 


0 5.0 10 15 20 25 30 
УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 CURRENT-GAIN—BANDWIDTH 
PRODUCT versus CURRENT 


fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


Ic, COLLECTOR CURRENT (mAdc) 
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Pout, OUTPUT POWER (WATTS) 


Pout. OUTPUT POWER (WATTS) 


Сер, COLLECTOR-BASE CAPACITANCE (pF) 


FIGURE 4 — OUTPUT POWER versus FREQUENCY 


VCE = 28 Vdc 
Pin = 0.31 W 


f, FREQUENCY (GHz) 


FIGURE 6 — OSCILLATOR OUTPUT POWER 
versus COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 8 COLLECTOR BASE 
CAPACITANCE versus VOLTAGE 


Усв, COLLECTOR-BASE VOLTAGE (VOLTS) 
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JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 40 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 75°C(1) 
Derate above 25°C 20 mW/°C 


Storage Temperature 


(1) Total Device Dissipation at Ta = 25°C is 1.0 Watt. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CER Vdc 
(Ic = 5.0 mAdc, ВвЕ = 10 0) 
Collector-Emitter Sustaining Voltage V(BR)CEO Vdc 
(Ic = 5.0 mAdc, Ів = 0) 
Collector Cutoff Current шАсс 


(МСЕ = 15 Мас, Ів = 0) 


Collector Cutoff Current 
(МСЕ = 15 Мас, УвЕ = - 1.5 V, Tc = 150°C) 
(МСЕ = 35 Мас, МВЕ = - 1.5 V) 


Emitter Cutoff Current 
(VBE = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 360 mAdc, Vcg = 5.0 Мас) 
(с = 50 mAdc, Vcg = 15 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 15 Мас, f = 200 MHz) 


Collector-Base Capacitance 
(VcB = 15 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 10 мАас, Vcg = 15 Мас, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Voltage Gain (Figure 1) 
(с = 50 mAdc, Усс = 15 Мас, f = 50 to 216 MHz) 


Power Input (Figure 2) 
(Ic = 50 mAdc, Vcc = 15 Мас, Rs = 50 ohms, 
Pout = 1.26 mW, f = 200 MHz) 


( ) Pulsed thru a 25 mH Inductor; 5096 Duty Cycle. 
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FIGURE 1 — RF AMPLIFIER FOR VOLTAGE 
GAIN TEST CIRCUIT 


Pin Р, 
ош 
(2g = 75 0) (21 = 75 0) 


ту = 


(SEE 
DETAIL) 


DETAIL 
OF TRANSFORMER 


Ó 
*Vcc 


СТ, С2, С3,С5 0002 Е 330,14 
Са 0.03 pF 20082, 1/4 w 
1500 pF 4 Turns 230 Wire 
18 pF Bifilar wound on "Indiana General” 
47k, 1/4W Core zCF-102 01, or equivalent 
682, 1/2 М 


FIGURE 2 — 200 MHz TEST CIRCUIT 


Pout 
(21 = 502) 


СТ, C2, 3 1.0— 30 pF L1 4-1/2 turns, No. 22 wire, 3/16" 1.0. 
СА 1.0 — 20pF L4 3-1/2 turns, No. 22 wire, 3/16" 1.0. 
C5 10,000 pF 12,13 0.82 H RFC 
C6, C7 1,000 pF R1 2400HMS, 2 WATTS 
C8 0.01 uF 
-VEE +Мсс 
FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 


2.5 
VCE = 15 Vdc 
2.0 
1.5 RES Fane 


ibe 


т, Сс, COLLECTOR-BASE TIME CONSTANT (ps) 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


0 20 40 60 80 100 120 140 160 


Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT ImAdc) 
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FIGURE 5 — SATURATION VOLTAGES 


V, VOLTAGE (VOLTS) 


mas 
0.05 ЕТТТ кН TEL] 
5.0 7.0 10 20 30 50 70 100 200 300 500 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY 


VCE = 15 Vdc 
ic = 50 mAdc 


Yie, INPUT ADMITTANCE (mmhos) 


t, FREQUENCY (MHz) 


FIGURE 9 — REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


Не Ва в 
EREE 


f, FREQUENCY (MHz) 
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FIGURE 6 — CAPACITANCES versus REVERSE VOLTAGE 
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FIGURE 8 — INPUT ADMITTANCE 
versus COLLECTOR CURRENT 


E 15 Vdc | | 


Yie, INPUT ADMITTANCE (mmhos) 
| ||| 
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16. COLLECTOR CURRENT (mAdc) 


FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


1с, COLLECTOR CURRENT (mAdc) 
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FIGURE 11 — FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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Уве, FORWARD TRANSFER ADMITTANCE (mmhos) 
i 
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f, FREQUENCY (MHz) 
FIGURE 13 — OUTPUT ADMITTANCE versus FREQUENCY 


МЕ lII IIIJ 
NENNEN DES 


їс = 50 mAdc 


Yoe, OUTPUT ADMITTANCE (mmhos) 


300 700 1000 


f, FREQUENCY (MHz) 


500 


FIGURE 15 — INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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Yoe, QUTPUT ADMITTANCE (mmhos) 


FIGURE 12 — FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 


ЖЕ 


МСЕ = 15 Удс 
f= 200 MHz 


50 


FIGURE 14 — OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 


30 40 50 60 70 
1с, COLLECTOR CURRENT (mAdc) 


20 


FIGURE 16 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 18 — FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 


2N5109 
FIGURE 17 — REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 
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FIGURE 19 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 


COEFFICIENT versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


__________ Рата | Symbol | Value | Unt | 
Collector-Emitter Voltage VCEO | 40 [| мас | 
Collector-Base Voltage Усво | 6 | 


Emitter-Base Voltage VEBO HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


Collector Current | ic | м | Ad | 

Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mW/C 

Operating and Storage Junction ТЈ, Tstg | —65to +200 °С 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characters: | Symbo | ма | тур | мах | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(Ic = 5.0 mAdc, Ів = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 0.1 тАас, Ic = 0) 

Collector Cutoff Current ICEO uAdc 
(VCE = 28 Vdc, lg = 0) 

Collector Cutoff Current ІСЕ5 mAdc 
(VcE = 60 Vdc, Уве = 0) 
Collector Cutoff Current ICBO pAdc 

(Усв = 28 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 50 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Мас, f = 200 MHz) 


Collector-Base Capacitance 
(VcB = 28 Vdc, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(УСЕ = 28 Мас, Pin = 0.16 Watt, f = 400 MHz) 
(МСЕ = 28 Vdc, Pin = 50 mW, f = 175 MHz) 


Power Output 


(VCE = 28 Мас, Pin = 0.16 Watt, f = 400 MHz) 
(VCE = 28 Мас, Pin = 50 mW, f = 175 MHz) 


Collector Efficiency 
(УСЕ = 28 Мас, Pin = 0.16 Watt, f = 400 MHz) 
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FIGURE 1 — 400-MHz TEST CIRCUIT 


Ст = 10 pF Cg — 0.01 „Е 

C2, Сз, Са, С — 1.0 — 10 pF variable Ly = 30 nH, 1 turn, No. 20 AWG 
Cg — 2400 pF feed through L2 — 75 nH, 3 turns, No. 20 AWG 
C7 — 0.004 „Е L3 — 0.33 „Н, R.F.C. 


FIGURE 2 POWER OUTPUT FIGURE 3 
ШЕЙ Б WEG; 
_ К ГАС 
g к LEN a 
Е = 
š 5 10 
5 5 
m Е 
а в 
É = 05 
š š 
0 0 
100 150 200 250 300 400 
t, FREQUENCY (MHz) P, п. POWER INPUT (mW) 
FIGURE 4 PARALLEL INPUT FIGURE 5 


REAL IMPEDANCE (OHMS) 
IMAGINARY IMPEDANCE (OHMS) 


0 100 200 300 400 
f, FREQUENCY (MHz) t, FREQUENCY (MHz) 
FIGURE 6 — PARALLEL OUTPUT FIGURE 7 — CURRENT-GAIN—BANDWIDTH 
CAPACITANCE versus FREQUENCY PRODUCT versus COLLECTOR CURRENT 
ZEIT ERE а: 
ви 


Cout, OUTPUT CAPACITANCE (pF) 


fr CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


0 50 100 150 200 
f, FREQUENCY (MHz) Ic. COLLECTOR CURRENT (mA) 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Collector Current 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation (v TA = 2 
Derate above 25°C а 


Total Device Dissipation @ Tc = 25°C 300 mW 
Derate above 25°C 1.71 mW/^C 


Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Mim | Max | unt | 


Collector-Emitter Sustaining Voltage VCEO(sus) 12 — Vdc 
(Ic = 3.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 — Vdc 
(Ic = 0.001 mAdc, ІЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 255 - Мас 


ЧЕ = 0.01 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 15 Vdc, Ip = 0) 
(VcB = 15 Vde, IE = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 3.0 mAdc, Vcg = 1.0 Мас) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 5.0 mAdc, Vcg = 6.0 Мас, = 100 MHz) 


Collector-Base Capacitance Ccb — 1.0 pF 


(Vcg = 10 Мас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain hfe 25 300 — 
(С = 2.0 mAdc, Vcg = 6.0 Мас, f = 1.0 kHz) 


Collector Base Time Constant rb'Cc 3.0 14 ps 


(IE = 2.0 mAdc, VcB = 6.0 Мас, f = 31.9 MHz) 


Noise Figure (Figure 1) 
(Ic = 1.5 mAdc, УСЕ = 6.0 Мас, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(МСЕ = 6.0 Мас, lc = 5.0 mAdc, f = 200 MHz) 


Power Output (Figure 2) @ Pout 20 — mW 
(Vcg = 10 Vdc, ЈЕ = 12 mAdc, f=500 MHz) 


(1) fr is defined as the frequency at which |hfe| extrapolates to unity. 


OFF CHARACTERISTICS 


VCE(sat) 


VBE(sat) 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN FIGURE 2 — 500 MHz OSCILLATOR CIRCUIT 
AND NOISE FIGURE CIRCUIT 


TYPE 
183195 


75 pF OUTPUT 


SEE NOTE ! 


FROM 5051 7 
SOURCE 002 uF 


RFC 


Note 1 — Coaxial-Line output network consisting of 
2 General Radio Type 874-TEE or equivalent 
1 General Radio Type 874-020 Adjustable Stub or equivalent 


= = = = 1 General Radio Type 874-LA Adjustable Line or equivalent 
L1 1-3/4 Turns, #18 AWG, 0.5" L, 0.5" Diameter 


1 General Radio Type 874-WN3 Short-tircuit termination or equivalent 


L2 2 Turns, “16 AWG, 0.5" L, 0.5” Diameter Note 2 — RFC = 0.2 uH Ohmite 22-460 or equivalent 
L3 2 Turns, #13 AWG, 0.25” L, 0.5" Diameter (Position 1/4" from L2) Note 3 — Lead Number 4 (case) floating 
И — 2 turns #16 AWG wire, 3/8 inch OD, 1-1/4 inch long 
0 = 25179 
FIGURE 3 — NOISE FIGURE FIGURE 4 — NOISE FIGURE versus SOURCE 
versus FREQUENCY RESISTANCE and COLLECTOR CURRENT 
На a ҮСЕ = 6.0 dc 
pe massa "= EK s MHz 
ҮСЕ = 6.0 Мас a 
n ІС = 1.0 mAdc = 300 = 
В Rg = Optimum | = 250 Ohms @ 105 and 200 MHz е i 
ш = 100 Ohms @ 450 MHz Š m суу — 
< 
5 š H ва E 
š £ H 
: š |= : 
= со 
= = 80 i 4.0 d8 
< o 70 = 
ә 60 E 
e 50 ГРА 
м 
30 
t, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 
э ШШ 
500 VCE = 6.0 Vdc 
LEID =. ml f= 200 MHz 
2 = 
и = 
о 
= Г] 
ш 200 ЕЕ 
2 | 
8 [| 
8 
= 1004 
Š [ | 
e 
5 mfy 
е — 
8 50 
40 P 
30 
05 07 а 2.0 3.0 5.0 70 10 
Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


“1.0 2.0 3.0 4.0 50 60 7.0 80 90 10 20 30 
Ic, COLLECTOR CURRENT (тАйс) 


FIGURE 7 — INPUT ADMITTANCE FIGURE 8 — OUTPUT ADMITTANCE 
versus FREQUENCY versus FREQUENCY 


Vee = 6.0 Vac _ 644 
РАНЕ ПН 
ЖИЕ ш 


ҮСЕ = 6.0 Vdc 
Ic = 1.5 mAdc 


yie, INPUT ADMITTANCE (mmhos) 
Yoe. OUTPUT ADMITTANCE (mmhos) 


100 150 200 300 400 500 600 800 1000 100 150 — 200 300 400 500 600 800 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 9 — FORWARD TRANSFER FIGURE 10 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 


мемле | | | | | [ELIT] 
rue WAY Fu 
Эга сри 


у!е, FORWARD TRANSFER ADMITTANCE (mmhos) 
yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


100 150 200 300 400 500 600 800 1000 
f, FREQUENCY (MHz) 1, FREQUENCY (MHz) 
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FIGURE 11— $11, INPUT REFLECTION COEFFICIENT FIGURE 12— $22, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 15— $11. INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT 
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JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[Rating мо) мә | Um | 
сопеаоеввве уе — | voso | м | 
mmmesmevoge | wao | 3 | 


lf 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


Total Device Dissipation (v TA = 25°C EM 


Derate above 25°C 
Total Device Dissipation (v Тс = 25°C 5.0 
Derate above 25°C 28.6 
Operating and Storage Junction TJ, Tstg —65 to +200 
Temperature Range 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Тур | Mex | Unit | 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 

(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 

(Ic = 10 „Adc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 

ЧЕ = 100 дАдс, Ic = 0) 


Collector Cutoff Current 
(св = 20 Мас, ЈЕ = 0) 


Emitter Cutoff Current 
(VEB = 2.0 Мас, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 40 mAdc, Vcg = 2.0 Мас) 

(Ic = 100 mAdc, Vcg = 2.0 Мас) 
(Ic = 300 mAdc, Vcg = 5.0 Мас) 
Collector-Emitter Saturation Voltage(1) 
(с = 100 mAdc, lg = 10 mAdc) 

Base-Emitter On Voltage(1) 
(с = 100 mAdc, Vcg = 2.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 40 mAdc, Vcg = 10 Мас, = 100 MHz) 
(с = 100 mAdc, МСЕ = 10 Мас, = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 15 Мас, lg = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Collector Base Time Constant 
(с = 50 mAdc, Vcg = 10 Мас, f = 63.6 MHz) 


SWITCHING CHARACTERISTICS (FIGURE 10) 


Turn-On Delay Time 
SE GET (Усс = 31.4 Vdc, lc = 150 mAdc, 
fic © 160 Ole, Re = 26.8 Ohmal 


Fall Time 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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ПЕЕ. DC CURRENT GAIN 


V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


FIGURE 1 — DC CURRENT GAIN 


Tas Vere ение шыш ш вш с и шшен жш шк 


нш Ев 
50 РЕТРО 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 — “ON” VOLTAGES 


ТА = 2506 


ve [LLL] Уве е, ево 10 
LU 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — CAPACITANCES 


1.0 
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FIGURE 2 — COLLECTOR SATURATION REGION 
Ш ОООО | 
РШ О ДЦ | 
| LATUIL | 
оона лома [| 
НН 


УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Ig, BASE CURRENT (MA) 


FIGURE 4 — COLLECTOR CURRENT versus BASE VOLTAGE 


Ic. COLLECTOR CURRENT (mA) 


0.1 
207 -0.6 -0.5 -0.4 -0.3 -0.2 -01 0 01 02 03 04 05 06 07 


Reverse Bias Forward Bias 


УВЕ, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 — TEMPERATURE COEFFICIENTS 
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FIGURE 7 — CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 8 — COLLECTOR-BASE TIME CONSTANT 


TA = 25°C 
f= 63.6 MHz 


rb Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


50 70 10 20 30 50 70 100 200 300 
Ic, COLLECTOR CURRENT (mA) 1с, COLLECTOR CURRENT (mA) 
FIGURE 9 — SWITCHING TIMES FIGURE 10 — SWITCHING TIMES TEST CIRCUIT 


-Vcc = 30 У 
Vout 
il 
1 Vin Scope Z 
z “ЕГ = 50 Ohms 
= Vin = -5.0 Мас 
PW = 100 ns = 
Duty Cycle = 2.0% 
10 20 30 50 100 200 300 soo 1000 кака VCC 
Ic, COLLECTOR CURRENT (mA) Volts 
50 | 526 80 344 
150 | 160 26.6 | 314 
300 78 13.3 
500 | 46.5 8.0 
2N5829 For Specifications see 2N4957 Data. 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-48 


MAXIMUM RATINGS 


Rating |Symbol | 2N5835 | 2N836 | 2N5857 | Unit | 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Total Device Dissipation 


2N5835 
2N5836 
2N5837 


2N5835 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


2N5836, 2N5837 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


@ Tc = 25°C 2.0 2.0 Watts 
Derate above 25°C a 43 11.43 k 


Storage Temperature ЕТЕ 


—65 to | -65і +200 | 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(ic = 10 дАдс, lg = 0) 


(Ic = 100 pAdc, lg = 0) 


Emitter-Base Breakdown Voltaye 
ЧЕ = 100 дАдс, Іс = 0) 


Collector Cutoff Current 
(Vcg = 7.5 Мас, lg = 0) 
(Vcg = 10 Vdc, |с = 0) 
(Vcg = 5.0 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 6.0 Vdc) 
(с = 50 mAdc, Vcg = 6.0 Мас) 
(с = 100 mAdc, Vcg = 3.0 Vdc) 


Base-Emitter On Voltage 
(с = 10 mAdc, Vcg = 6.0 Мас) 
(с = 50 mAdc, Vcg = 6.0 Мас) 
(Ic = 100 mAdc, Vcg = 3.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, Vcg = 6.0 Vdc, f = 200 MHz) 
(с = 50 mAdc, Vcg = 6.0 Мас, f = 200 MHz) 
(с = 100 mAdc, Vcg = 3.0 Vdc, f = 200 MHz) 


Collector-Base Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


(Vcg = 5.0 Мас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


Collector Base Time Constant(2) 
(Ic = 10 mAdc, Vcg = 6.0 Vdc, = 63.6 MHz) 
(Ic = 50 mAdc, Vcg = 6.0 Vdc, f = 63.6 MHz) 
(с = 100 mAdc, Vcg = 3.0 Мас, f = 63.6 MHz) 


SMALL-SIGNAL DEVICES 


Emitter Cutoff Current 
(Veg = 3.0 Мас, Іс = 0) 


| Symboli | Min | Typ | Mex | Unit | 


V(BR)CBO 


2N5835 


2N5836 
2N5837 


V(BR)EBO 


2N5835 
2N5836 
2N5837 


hFE 
2N5835 ea 
2N5836 
2N5837 
VBE(on) 
2N5835 
2N5836 
2N5837 


2N5835 
2N5836 
2N5837 


2N5835 
2N5836 


2N5837 


2N5835 
2N5836 
2N5837 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | Mex | Unit | 


SWITCHING CHARACTERISTICS(2) 


Rise Time (Figure 1) 
(с = 10 тАас) 2N5835 


(С = 40 mAdc) 2N5836 
(ІС = 100 mAdc) 2N5837 


(1) fr is defined as the frequency at which |hre| extrapolates to unity. 
(2) Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


To Oscilloscope Vertical Inputs 


(Tektronix 568 or Equivalent) 
Vin 
y \ Channel 1 
0 Vin 


tr, t£ < 0.5 ns 


RL 
Ohms 


% E Р; 
+“ 
200 


This test set-up is designed to simulate 
a cascade of identical stages. Ag = RL 
Vin = Vout = 1 0 V 

ref із а transistor of the 

same type as the transistor 

under test 


O -0.5 Vdc 


Channel 2 


-4.5 Vdc - 2N5835, 2N5836 
-2.5 Vdc - 2N5837 


tr, RISE TIME (ps) 


tr, CURRENT-GAIN -BANDWIDTH PRODUCT (GHz) 


0 130 2 30 40 50 60 70 8 90 100 10 20 3.0 50 70 10 20 30 
Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 4 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 5 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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fr, CURRENT-GAIN -BANDWIDTH PRODUCT (GHz) 
fr. CURRENT-GAIN -BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mAdc) 1с, COLLECTOR CURRENT (mAdc) 
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FIGURE 6 — COLLECTOR-BASE TIME CONSTANT FIGURE 7 — COLLECTOR-BASE CAPACITANCE 
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2М5835 SCATTERING PARAMETERS 
(Ic = 5.0 mAdc, Vcg = 6.0 Мас, ZG = ZL = 50 Ohms) 


FIGURE 8 — $11, INPUT REFLECTION COEFFICIENT FIGURE 9 — S22, OUTPUT REFLECTION COEFFICIENT 
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2N5835 e 2N5836 e 2N5837 
FIGURE 11 — $21, FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 10 — 512, REVERSE TRANSMISSION COEFFICIENT 
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2N5836 SCATTERING PARAMETERS 
(Ic = 100 mAdc, Vcg = 10 Мас, ZG = ZL = 50 Ohms) 


FIGURE 12 — $11, INPUT REFLECTION COEFFICIENT FIGURE 13 — $22, OUTPUT REFLECTION COEFFICIENT 


LT 


SMALL-SIGNAL DEVICES 


MOTOROLA SEMICONDUCTORS 
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2N5835 e 2N5836 e 2N5837 
FIGURE 14 — $12, REVERSE TRANSMISSION COEFFICIENT FIGURE 15 — $21, FORWARD TRANSMISSION COEFFICIENT 
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2N5837 SCATTERING PARAMETERS 
(Ic = 100 mAdc, Vcg = 3.0 Vdc, ZG = ZL = 50 Ohms) 


FIGURE 16 — $11, INPUT REFLECTION COEFFICIENT FIGURE 17 — S22, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 18 — 512, REVERSE TRANSMISSION COEFFICIENT FIGURE 19 — $21, FORWARD TRANSMISSION COEFFICIENT 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating 


Collector Current — Continuous | tc | 44% | 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/^C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic | Symb! | ма | тур | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Іс = 5.0 mAdc, IB = 0) Мвајсео | 30 | = | = | ve | 


Collector-Base Breakdown Voltage (ІС = 100 „Adc, ЈЕ = 0) | мевајсво | 40 | — | — | ve | 
Emitter-Base Breakdown Voltage (IE = 100 „Adc, Ic = 0) | Мввјево | 35 | — | — [| ve | 
Collector Cutoff Current (МУСЕ = 20 Vdc, lg = 0) | кю | = | = | s | sa | 
| Collector Cutoff Current (Vcg = 15 Ме ЕО |) со | — | — | то | р | 
ON CHARACTERISTICS 
| DC Current Gain (с = 50 mAde, Vcg = 15Vd) |e | 2 | — | so | — | 
Collector-Emitter Saturation Voltage (Іс = 100 mAdc, IB = 10 mAdc) | Уба) | — | 015 | o2 | Vdc | 
Base-Emitter Saturation Voltage (lc = 100 mAdc, lg = 10 mAdc) | Veega | — | os | 10 | ve | 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 25 mAdc, Vcg = 15 Vdc, f = 200 MHz) 

(с = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 

(Ic = 100 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
Collector-Base Capacitance 

(Усв = 30 Мас, ЈЕ = 0, f = 100 kHz) 
Emitter-Base Capacitance 

(Veg = 0.5 Мас, Ic = 0, = 100 kHz) 
Small Signal Current Gain 

(Ic = 50 mAdc, Vcg = 15 Vdc, f = 1.0 kHz) 
Collector Base Time Constant 

(lE = 50 mAdc, Vcg = 15 Мас, f = 31.8 MHz) 


Noise Figure 
(с = 30 mAdc, Vcg = 15 Мас, f = 200 MHz) (Figure 1) 
(с = 35 mAdc, Vcg = 15 Мас, f = 200 MHz) (Figure 6) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Ic = 10 mAdc, Vcg = 15 Мас, f = 200 MHz) (Figure 1) 
(с = 50 mAdc, Vcg = 15 Мас, = 250 MHz) (Figure 6) 


Intermodulation Distortion 
(с = 50 mAdc, Vcg = 15 Мас, Vout = +50 dBmV) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Cross Modulation Distortion 


(Ic = 50 mAdc, Vcg = 15 Vdc, Vout = +40 dBmV) 
(Ic = 50 mAdc, Vcg = 15 Мас, Vout = +50 dBmV) 
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FIGURE 1 — NARROW-BAND TEST CIRCUIT 


T uF 


= 50 Ohms 
OUTPUT 


L1 = 2 turns #20 wire 
1/4" 10, 3/16" long 

L2 = 5 turns #18 wire 
1/4" ID, 5/8" long, 
tapped 1-3/4 turns 
trom collector 

All capacitors in pF 

unless otherwise noted 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 3 — COLLECTOR-BASE TIME CONSTANT 


с T 
УСЕ = 15 Vde 


20 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


rb'Ce, COLLECTOR-BASE TIME CONSTANT (ps) 


5.0 
0 
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FIGURE 4 — SATURATION VOLTAGES FIGURE 5 — CAPACITANCES versus REVERSE VOLTAGE 
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FIGURE 6 — BROADBAND TEST CIRCUIT 


= VEE Усс 


FIGURE 7 — CROSS-MODULATION DISTORTION versus 


CROSS-MODULATION DISTORTION| (dB) 


NF, NOISE FIGURE (d8) 
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COLLECTOR CURRENT 


УСЕ = 15 Мас 
Output Level = 
Channel 13 


Іс, COLLECTOR CURRENT (mAdc) 


FIGURE 9 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 


TT ҮСЕ = 6.0 TO 20 Мас 


L1 11313 


Rg= 100 2, УСЕ = 6.0 TO 20 Мас 


E 6.0 TO 20 Vdc 


NA 


ци 


90 100 


Ic, COLLECTOR CURRENT (mAdc) 


L5 


CROSS-MODULATION DISTORTION (dB) 


NF, NOISE FIGURE (dB 


C1 1.0-10 pF JOHANSON 2951 OR EQUIVALENT 
C2,C7 0.01 uF 
c3 0.5-6.0 pF JOHANSON 4642 OR EQUIVALENT 


С4, C6 1500 pF 


OUTPUT c5 470 pF 


L1 2 TURNS AWG #26, 5/32" I.D. 

750 12 Тин MOLDED CHOKE 

L3 5 TURNS AWG #26, 3/32” 1.0. 

L4 FERRITE CHOKE, 3 TURNS #30 ON 
STACKPOLE 57-0156 BEAD 

L5 2 TURNS AWG #26, 3/32" 1.0. 


Ti AWG #30 TRIFILAR WOUND 1-9-9 ON 
STACKPOLE 57-0985, #11 TOROID 


R1 270 OHMS 
R2 18 OHMS 
R3 150 OHMS 
GARLOCK TEFLON SOCKET 


FIGURE 8 — CROSS-MODULATION 
DISTORTION versus OUTPUT LEVEL 
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FIGURE 10 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 11 — BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 


NF, NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY 


УСЕ = 15 Мас 
Ic = 50 mAdc 
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FIGURE 15 — REVERSE TRANSFER ADMITTANCE 


versus FREQUENCY 


VCE = 15 Vdc 
1С 50 mAdc 


yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


MOTOROLA SEMICONDUCTORS 


700 


1000 


NF, NOISE FIGURE (dB) 
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FIGURE 12 — NARROWBAND NOISE FIGURE versus 
FREQUENCY 


Ic = 70 mAdc 


50 mAdc =z] 


f, FREQUENCY (MHz) 


FIGURE 14 — INPUT ADMITTANCE 
versus COLLECTOR CURRENT 


Vee = 15 Vde Е dk | 
arza 


{= 200 MHz 


1с, COLLECTOR CURRENT (mAdc) 


FIGURE 16 — REVERSE TRANSFER ADMITTANCE versus 


Үге, REVERSE TRANSFER ADMITTANCE (mmhos) 
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COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 17 — FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 21 — INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 


__109 0 3500 


309 
аа 


340° 330° 
CTITEL pata 


БТР 


310° 
оо) жеп 
709 E A, 09 
ИЕ 
n ай 
БЕСІНЕ 2700 
нин 
2. ui 
no. 000 MHz ХА 2500 
12005555 ЗАЗА < 12400 
1300% Xe 12309 
14097 Қар» 


160° 1709 1800 1900 


SMALL-SIGNAL DEVICES 


7-59 


yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


Yoe, OUTPUT ADMITTANCE (mmhos) 


FIGURE 18 — FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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FIGURE 22 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 23 — REVERSE TRANSMISSION FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT 
COEFFICIENT versus FREQUENCY versus FREQUENCY 
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FIGURE 25 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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CASE 244A-01, STYLE 1 
TO-117 (TO-232AA) 


MAXIMUM RATINGS 


| Rating буль | 


Collector Current — Continuous 
Total Device Dissipation (à Tc = 25°C EE 5.0 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symbol | ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (lc = 20 mAdc, Ів = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 100 „Adc, lg = 0) 


Emitter-Base Breakdown Voltage (lg = 100 „Adc, lc = 0) V(BR)EBO 


[м | 
|| 

| Collector Cutoff Current (Vcg = 28У4в-0 | co | — | | то | ma] 
МЕЗЕ ЕСЕ 
L = l = | 


Collector Cutoff Current (Vcg = 20 Мас, ЈЕ = 0) ICBO 


(VBE = 3.5 Vdc, Ic = 0) 


Emitter Cutoff Current 


| eBo | 
ON CHARACTERISTICS 

DC Current Gain (Іс = 75 mAdc, Усе = 20 Vdc) 
Collector-Emitter Saturation Voltage (lc = 200 mAdc, lg = 20 mAdc) 
Base-Emitter Saturation Voltage (Іс = 200 mAdc, Ів = 20 mAdc) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 75 mAdc, Vcg = 20 Vdc, f = 200 MHz) 


Collector-Base Capacitance 
(Vcg = 30 Мас, lg = 0, f = 100 kHz) 
Emitter-Base Capacitance 

(Veg = 0.5 Мас, Ic = 0, f = 100 kHz) 


Small Signal Current Gain 
(Ic = 75 mAdc, Vcg = 20 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 75 mAdc, Vcg = 20 Мас, f = 31.8 MHz) 


Noise Figure 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 200 MHz)(1) (Figure 2) 
(С = 75 mAdc, ҮСЕ = 20 Vdc, f = 200 MHz)(1) (Figure 2) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 2) 
(Ic = 75 mAdc, Vcg = 20 Vdc, f = 250 MHz) 


Intermodulation Distortion (Figure 2) 


(1С = 75 mAdc, Vcg = 20 Vdc, Vout = +50 dBmV) 


Cross Modulation Distortion (Figure 2) 
(с = 75 mAdc, Vcg = 20 Vdc, Vout = +50 dBmV) 


(1) Includes noise figure of post-amplifier and matching pad. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-61 


2N5947 


FIGURE 1 — NARROWBAND TEST CIRCUIT FIGURE 2 – BROADBAND TEST CIRCUIT 
„Ж м 
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FIGURE 5 — COLLECTOR-EMITTER SATURATION VOLTAGE FIGURE 6 — BASE-EMITTER SATURATION VOLTAGE 
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аг 7 — NARROWBAND NOISE FIGURE versus CURRENT FIGURE 8 — BROADBAND NOISE FIGURE versus CURRENT 
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FIGURE 9 — NOISE FIGURE TEST SETUP 


AMPLIFIER 200 MHz 


MINIMUM- 


eee Rune VHE NOISE CABLE UNDER NARROWBAND 
METER DIODE LOSS PAD 
HP 342A НР 343A (NOTE 1) TEST 57 dB AMPLIFIER 
(FIGURE 2) (50 dB GAIN) 


NOTE 1. RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 
#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS А 
QUARTER-WAVELENGTH AT 200 MHz (APPROX. 11 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 


THE NOISE FIGURE OF THE POST-AMPLIFIERS AND MINIMUM LOSS 
PAD IS 8.4 dB. 


FIGURE 10 — INTERMODULATION DISTORTION TEST SETUP 


CHANNEL 2 
GENERATOR 


ADJUSTABLE AMPLIFIER ADJUSTABLE FIELD 


CHANNEL G 10 dB 
COMBINER ATTENUATOR UNDER TEST ATTENUATOR STRENGTH 
GENERATOR #1 (FIGURE 2) #2 ATTENUATOR METER 


CHANNEL 13 
BENERATOR MEASUREMENT PROCEDURE 
1. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 3. TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 
AMPLIFIER (CHANNELS G & 13 OFF). WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 


DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 


H ; 
2. REPEAT FOR CHANNEL G (28 13 OFF) AND CHANNEL 13 (2 & G OFF) IN STEP 2. 


NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2 & G OFF). 


FIGURE 11 — CROSS MODULATION DISTORTION TEST SETUP 


CROSS-MODULATION ADJUSTABLE AMPLIFIER ADJUSTABLE ци da LOCK-IN 
EQUIPMENT ATTENUATOR UNDER TEST ATTENUATOR Eo AMPL. P.A.R. 
SKL MODEL 7224 #1 (FIGURE 2) #2 abet fin MODEL HR-8 
MEASUREMENT PROCEDURE 
1. ADJUST THE CROSSMODULATION EQUIPMENT FOR +50 dBmV OUTPUT 3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
FROM EACH CHANNEL. THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 


2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 


THE TEST AMPLIFIER. ADJUST ATTENUATOR 42 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT *10 dBmV. 
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FIGURE 12 — CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 


-30 


225 | VCE = 20 Vdc 


Channel 13 
-40 


-45 


CROSS MODULATION (dB) 
за 
Ë 


OUTPUT LEVEL (dBm) 


MOTOROLA SEMICONDUCTORS 


7-64 


CROSS MODULATION DISTORTION (dB) 
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FIGURE 13 — CROSS MODULATION DISTORTION 
versus CURRENT 


| a ul 
ҮСЕ = 20 Мас 
Channel 13 


Ic, COLLECTOR CURRENT (mAdc) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


| 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


2N6255 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Vdc 
Vd 

HIGH FREQUENCY TRANSISTOR 
Adc NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Cheese — 7 | Symb! | ма | тур | Me | џ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, УВЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Усв = 15 Мас, ЈЕ = 0) 


Collector Cutoff Current 
(МСЕ = 15 Мас, УВЕ = 0, Tc = 55°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 250 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


= = T= 
[== == 
== [== 
[= [= ГЕ = 

Бака ка 


ІСЕ5 


ЕМЕА ИРА СИ 


Output Capacitance Cobo pF 
(Vcg = 12.5 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Vcc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Усс = 12.5 Vdc, f = 175 MHz) 


—.... U M 


SMALL-SIGNAL DEVICES 


7-65 


MOTOROLA SEMICONDUCTORS 


2N6255 


FIGURE 1 — 175 MHz CIRCUIT 


+ 


12.5 Vde 


01,3 2.050 pF ARCO 461 ELMENCO 
C24 50-80 pF ARCO 462 ELMENCO 
65 1000 pF FEED THRU 

C6 5.0 uF 

L1 1 TURN #18 AWG 1 1.0 

L2 2% TURNS #18 AWG "10 
ВЕСТ 0.15 uH MOLDED CHOKE 
WITH BEAD ON GROUND LEG 
RFC2 0.15 рН MOLDED CHOKE 


BEAD IS FERROXCUBE 
56 570 65/38 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Рош, OUTPUT POWER (WATTS) 
Pout. OUTPUT POWER (WATTS) 


Pin, INPUT POWER (mW) Усс, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — PARALLEL EQUIVALENT OUTPUT 
FIGURE 4 — COLLECTOR LOAD versus FREQUENCY CAPACITANCE versus FREQUENCY 


12.5 Vac | 


Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


Всі, COLLECTOR LOAD RESISTANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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FIGURE 6 — PARALLEL EQUIVALENT FIGURE 7 — PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY INPUT RESISTANCE versus FREQUENCY 


200 


Pout =3.0W 


a 
e 
І | 


Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 
Rin, PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-67 


2N6256 


CASE 249-05, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


11.4 пууес 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max | Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO | 16 — — Мас 
(Ic = 5.0 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 36 — — Vdc 
(с = 5.0 mAdc, УВЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ІСВО -- — 0.5 mAdc 
(св = 15 Мас, lg = 0) 
— rh, soə v -—lN. 
Collector Cutoff Current ICES — — 5.0 mAdc 


(ҮСЕ = 15 Мас, МВЕ = 0, TA = 125°C) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 20 80 200 - 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 
Output Capacitance 


(Vcg = 12.5 Мас, ЈЕ = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 0.5 W, Усс = 12.5 Vdc, f = 470 MHz) 


Collector Efficiency (Figures 1, 6) 
(Pout = 0.5 W, Vcc = 12.5 Vdc, f = 470 MHz) 


(Figures 1, 6) GpE 7.0 9.0 — dB 


T 60 70 — % 
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2N6256 


FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 1000 pF 
Feedthru Feedthru 


RF 
Output 


NOTE: Test Circuit Layout and Component 
Descriptions Shown in Figure 6. 


Typical Output Power curves were measured in 


circuit shown in Figure 6. 


FIGURE 2 — OUTPUT POWER FIGURE 3 — OUTPUT POWER 
versus FREQUENCY versus INPUT POWER 
1000 

a 800 
E z 
= £ 
5 5 600 
5 Š 
- 5 
Ë E 400 
= = 
= e 
а Е 
3 = 200 

380 400 420 440 460 480 500 520 0 20 40 60 80 100 120 140 160 180 200 

f, FREQUENCY, (MHz) Pin. INPUT POWER, (mW) 
FIGURE 4 — OUTPUT POWER FIGURE 5 — SERIES EQUIVALENT 
ПР SUPPLY VOLTAGE INPUT and OUTPUT IMPEDANCE 

t f= 470 MHz 
a 
5 
т 
е 
= 
= 
= 
= 
e 
5 
а 

0 

50 60 70 80 90 № 1 2 3 № B 

Vcc, SUPPLY VOLTAGE (VOLTS) 
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2N6256 


е 


Ferrite Bead FERROXCUBE 56-590 65 ЗВ 
as shown on 11 


FIGURE 6 — 470 MHz TEST CIRCUIT LAYOUT 
(See Figure 1 for Schematic Diagram) 


+125 Vde 


C1,C2 1.0 25 pF ARCO 421 or Equivalent FL1 DC Supply Filter Connectors аге Туре “М” 
C3, C4 1.0-25 pF ARCO 421 or Equivalent 2 1000 pF FT Capacitor Board is Glass Teflon 
E41, Ба 7 Turns #22 AWG, 0.2" 1.0 1.1.0 ДЕ, 35 V Capacitor 3"х 5" х 0.060" 


1 


VK 2002048 


Choke FERROXCUBE Mounting Plate is 3 x 5" x 0 75“ 


FIGURE 7 — 150 MHz to 450 MHz 
TRIPLER USING 2N6256 


C11 


L8 


* 12.5 Vdc 


C1,C2,C3,C9,C10 1-7 pF ARCO 400 or Equivalent C13 0.1 uF Ceramic L4 5 Turns 1⁄4” 1.0. 
C6,C7 1.5-20 pF ARCO 402 or Equivalent R1 200hm L5 6 Turns 1/8"' 1.0. 
С4,С5 470 pF ATC Type 100-B-420-m-ms R2,R3 160 Ohm L7 1 uH Molded Choke 
СВ 1000 pF UNDERWOOD Type J-101 L1 7 Turns 1/4" 1.0. L8 FERROXCUBE VK200-20/4B8 
C11 0.47 uF TANTALUM L2 6-4 Turns 1/8” 1.0. L9 Ferrite Bead, FERROXCUBE 56-590-65/3B 
C12, C14 470 pF Feedthru L3 0.68 uH Molded Choke 


NOTE: 


Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 dB gain). Collector efficiency is 
2596 and all unwanted harmonics are at least 30 dB down from 
the 450 MHz output level. 

It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 


All coils air core space wound with #20 AWG Wire, unless otherwise specified. 


The input network is a modified "TEE" consisting of C1, C2, 
and L1, which matches the 50 Ohm input to the transistor 
impedance at 150 mc; this is roughly 18-20 Ohms. The combi- 
nation of L2 and C3 form a 450 MHz idler to provide a base return 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and C10. All coils are air core 
space-wound (turns one wire diameter apart) with #20 AWG wire. 
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2N6305 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| сю | Symbol | ми | тур | Ma | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 5.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 0.1 тАдс, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.1 тАдс, Ic = 0) 
Collector Cutoff Current ІСВО 

(Усв = 5.0 Мас, lp = 0) 
ON CHARACTERISTICS 


DC Current Gain m 
(с = 2.0 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 5.0 Мас, f = 100 MHz) 2N6304 
2N6305 


Collector-Base Capacitance 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 5.0 Мас, f = 1.0 kHz) 


Collector Base Time Constant 
(Ig = 2.0 mAdc, Vcg = 5.0 Мас, f = 31.8 MHz) 2N6304 
2N6305 


Noise Figure 
(Ic = 2.0 mAdc, Vcg = 5.0 Мас, Rg = 50 ohms, 
f = 450 MHz) (Figure 1) 2N6304 
2N6305 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 


(с = 2.0 mAdc, МСЕ = 5.0 Мас, f = 450 MHz) (Figure 1) 2N6304 
2N6305 
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FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 


T 500 


: — GE 
Capacitance values in p Ó VEE = -75 Vde 


L1, L2 – Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install (C) Apply VEE, and with signal generator adjusted for 5 mV 
at least 1/2" from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 
L3 - 1/2 шт #16 AWG wire, located 1/4" from and maximum output. 
parallel to L2. (D) Interchange connections to signal generator and 
* — External interlead shield to isolate collector lead from RF voltmeter. 
emitter and base leads. (E) With sufficient signal applied to output terminals of 
Neutralization Procedure amplifier, adjust C2 for minimum indication at input. 
(A) Connect 450-MHz signal generator (with Яс = 50 ohms) (F) Repeat steps (A), (В), and (C) to determine if retuning 
to input terminals of amplifier. is necessary. 
(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 


Ceb. COLLECTOR-BASE CAPACITANCE (pF) 


0.2 0.5 1.0 2.0 5.0 10 20 


Vcg. COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 3 — CURRENT-GAIN-BANDWIDTH FIGURE 4 — COLLECTOR-BASE TIME 
PRODUCT versus COLLECTOR CURRENT CONSTANT versus EMITTER CURRENT 

E! 
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FIGURE 5 — REVERSE TRANSFER FIGURE 6 — INPUT ADMITTANCE 
ADMITTANCE versus FREQUENCY versus FREQUENCY 


Vcg = 5.0 Мас 
16 = 2.0 mAdc 


yie, INPUT ADMITTANCE (mmhos) 


yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


100 150 200 300 400 500 600 800 1000 100 150 200 300 400 500 600 700 800 1000 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 7 — OUTPUT ADMITTANCE FIGURE 8 — FORWARD TRANSFER 
versus FREQUENCY ADMITTANCE versus FREQUENCY 


БОЛГА ie s= Т 
Vee = 5.0 Мас 
Ic = 2.0 mAdc 


yoe, OUTPUT ADMITTANCE (mmhos) 
= 


yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


8.0 
6.0 
4.0 
2.0 
900 150 200 300 400 500 600 700 800 1000 p- 150 200 300 400 500 600 700 800 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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FIGURE 9 — $11, INPUT REFLECTION FIGURE 10 — T REFLECTION 
COEFFICIENT 
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FIGURE 11 — S12, REVERSE TRANSMISSION COEFFICIENT FIGURE 12 — S21, FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 13 — $11, INPUT REFLECTION COEFFICIENT AND S22, 
OUTPUT REFLECTION COEFFICIENT 
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JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C Free Air Temperature) 
Rating | Symbot | Value | 
ле ща m vox e | 
| Collector-Base Voltage _ | Vcgo | % | 
| Emitter-Base Voltage — ^ — | Уво | 30 | 

| Collector Current — Continuous | Current — Continuous Sars A 
foes 

Derate above 125°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 тАдс, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 тАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcg = 15 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hrE 200 — 
(Ic = 15 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance(1) 
(Усв = 10 Мас, ЈЕ = 0, 0.1 MHz = f < 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(МСЕ = 10 Мас, lc = 15 mA, f = 1.0 GHz) 


Spot Noise Figure (Rg = Optimum) (Figure 1) 
(се = 10 Мас, Ic = 5.0 mA, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure (Figure 1) 
(МСЕ = 10 Мас, Ic = 5.0 mA, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(МСЕ = 10 Мас, Іс = 15 mA, f = 2.0 GHz) 


Noise Figure (RS — Optimum) (Figure 1) 
(ҮСЕ = 10 Мас, Іс = 5.0 mA, f = 2.0 GHz) 


(1) Ccp measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. У 


5 
(2) MAG is calculated from the S-Parameters using the equation MAG = ü == ) г “6227 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-76 


2N6603 


FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


RF 
Voltmeter 


Signal 
Generator 


RF Power Gain 


Microlab/FXR HW-OBN 
Bias Tee or Equiv 


Ailtech Model 75 
Automatic NF 
Meter or 

Equivalent 


FIGURE 2 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 


GAIN (dB) 


Ceb (MIL-STD-7508 Method 3241) 
Cop (MIL-STD-7508 Method 3236) 


Сер, Cob, OUTPUT CAPACITANCE (pF) 


FREQUENCY (GHz) Vcg. COLLECTOR-BASE VOLTAGE (Vdc) 


FIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 
versus COLLECTOR CURRENT 


GAIN (dB) 


ft, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


1с, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 


-j50 УсЕ = 10 V, Iç = 15 mA. УСЕ = 10 V. Ig 15 mA - 
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S — PARAMETERS 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N6604 


JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


MAXIMUM RATINGS (TA = 25°C Free Air Temperature) 


Rating [үш] vae | um 
a ae | a = 


| Collector Current — Continuous | Current — Continuous 


Total Device Dissipation @ Tc = 125°C — 
Derate r — ——— wasita 125°C 6.66 


| Storage Temperature | Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
| Chameerstit | Symbol | Mim | тур | Mex | Uni | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, Іс = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current сво 
(Усв = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 30 — 200 
(с = 30 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance(1) 
(Усв = 10 Мас, ЈЕ = 0, 0.1 MHz = f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(УСЕ = 10 Мас, Іс = 30 mAdc, f = 1.0 GHz) 


Spot Noise Figure (Rg = Optimum) (Figure 1) 
(УСЕ = 10 Мас, Ic = 5.0 mAdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure (Figure 1) 
(се = 10 Мас, lc = 5.0 mAdc, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(МСЕ = 10 Мас, Ic = 30 mAdc, f = 2.0 GHz) 


Noise Figure (Rg = Optimum) (Figure 1) 
(МСЕ = 10 Мас, Ic = 5.0 mAdc, f = 2.0 GHz) 


(1) Ссь measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 


(2) MAG is calculated from the S-Parameters using the equation MAG — 
To ) Та - |52214) 
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FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


Signal 
Generator 


Ailtech Model 75 
Automatic NF 
Meter or 

Equivalent 


FIGURE 2 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
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FIGURE 4 — CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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RF Power Gain 


RF 
Voltmeter 


Microlab/F XR HW-OBN 
Bias Tee or Equiv 


Ceb (MIL-STD-750B Method 3241 
Cop (MIL-STD-7508 Method 3236 


Ceb Cob — OUTPUT CAPACITANCE (pF) 


) 
) 


0 2.0 4.0 6.0 8.0 10 12 14 16 


Усв, COLLECTOR-BASE VOLTAGE (Vdc) 


FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 


GAIN (dB) 


Ic, COLLECTOR CURRENT (mA) 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
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VCE 
(Volts) 
100 


S — PARAMETERS 


СЕ | м а | 522 


1$111 Lo 1521! Lo 15121 Lo 15221 Lo 
-40 12.37 153 0.028 67 
10.38 133 0.048 51 
0.067 34 
0.082 31 


0.112 
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CASE 317A-01, STYLE 2 
MAXIMUM RATINGS 


Total Device Dissipation @ TA = 60°C 
Derate above 60°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Mex Unit 
Thermal Resistance, Junction to Ambient | Rua | 50 | °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO = Мас 
(с = 1.0 тАдс, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 20 — — Vdc 
(Ic = 0.1 тАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — -- 
(IE = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO — — 50 


(Усв = 10 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 25 — 250 
(с = 14 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 14 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(с = 2.0 mAdc, УСЕ = 10 Мас, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 


(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 


Maximum Available Power(1) 
(с = 14 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 
(с = 14 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


аи ВЕ 
max " (1—|S44[2) (1—1522]9) 
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BFR90 


FIGURE 1 — POWER DERATING 
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FIGURE 6 — S21 PARAMETERS 
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MAXIMUM RATINGS CASE 317A-01, STYLE 2 


Rating 


Collector Current — Continuous 


Total Device Dissipation @ TA = 60°C 
Derate above 60°C 


HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient | Røa | so | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[ сәенее — ^ | Sym! | ма | тур | Mex | оти | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(С = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 15 Vde 
(Ic = 0.1 тАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(Vcg = 5.0 Мас, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(с = 30 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vcg = 5.0 Мас, f = 0.5 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(с = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 
(с = 2.0 mAdc, Vcg = 5.0 Мас, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 


(с = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 GHz) 


Maximum Available Power(1) 
(Ic = 30 mAdc, Vcg = 5.0 Мас, f = 0.5 GHz) 
(с = 30 mAdc, Vcg = 5.0 Мас, f = 1.0 GHz) 


S 
(1) Gmax = п в (1 — 1522/2) 


N 
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FIGURE 1 — POWER DERATING 


Pp, DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 - POWER GAIN AND NOISE FIGURE 3 - POWER GAIN AND NOISE 
FIGURE versus FREQUENCY FIGURE versus COLLECTOR CURRENT 


УСЕ = 5.0 Vdc 
1205 GHz 


(вр) 381913 3SION iN 


Gmax, POWER GAIN (dB) 
(вр) 380913 3SION зм 
Gmax, POWER GAIN (48) 


(КЕМЕ. 1 te | - = | 


VcE 
(Volts) Lo Lo $11 ($ 
= - | - у 
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FIGURE 6 — $21 PARAMETERS 


Усе 
(Volts) ¿$ 
2.0 dj 


5.25 
8.72 
10.85 
12.13 
12.50 
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CASE 317A-01, STYLE 2 


MRF961 
CASE 317-01, STYLE 2 e 
MRF962 


CASE 303-01, STYLE 1 


MRF965 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


а Tame Es — 
MRF961 | MRF965 
[соесогЕтгүо е — — | мово % | в | Ve | 
[cMecerBee Vote мово | æ | æ 
| Emiter:Base Vonage — | veso | 30 | 
саван блин става | с ow | по | 


Total Device Dissipation @ Tc = 100°C 
Storage Temperature Tstg —65to | —65 to 
+150 +200 


Derate above 100°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(с = 100 „Adc, Іс = 0) 
Emitter-Base Breakdown Voltage 
ЧЕ = 100 „Адс, Іс = 0) 
Collector Cutoff Current 


| Symbol | Ма | Тур | Мах | Uni | 


snd Cl Wil [== 
нө | ра 


(сво 


(Vcg = 10 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 50 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Emitter Guarded) 


пе | = | 


BFR96, MRF961, MRF962 
MRF965 


FUNCTIONAL TEST 


Noise Figure 
(с = 10 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Maximum Available Gain/Insertion Gain 


(1С = 50 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


S242 
NOTE 1. MAG = — -|51112(1-|522/2 


MOTOROLA SEMICONDUCTORS 


BFR96, MRF965 14.5/13 
MRF961 | 17/15 
MRF962 20.5/16.5 
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BFR96 e MRF961 e MRF962 e MRF965 


FIGURE 1 — MAXIMUM AVAILABLE GAIN versus FREQUENCY 


) MRF862 
) MRF861 
BFR96, MRF965 


MAG, MAXIMUM AVAILABLE GAIN (48) 


02 03 05 07 10 15 
t, FREQUENCY (GHz) 


FIGURE 3 — MAXIMUM AVAILABLE GAIN versus 
COLLECTOR CURRENT 


22 


20 


BFR96 MRF965 


MAG, MAXIMUM AVAILABLE GAIN (dB) 


0 20 40 60 80 
іс. COLLECTOR CURRENT [mA) 


FIGURE 5 — NOISE FIGURE versus FREQUENCY 
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FIGURE 7 — COLLECTOR-BASE CAPACITANCE versus 


ty. GAIN BANDWIDTH PRODUCT (GHz) 


МЕ. NOISE FIGURE (dB) 


FIGURE 2 — 521 2 versus FREQUENCY 


RF962 
@ MRF361 
(3) ВЕЯЭБ, MRF965 


152112, INSERTION GAIN (dB) 


f, FREQUENCY (GHz) 


FIGURE 4 — GAIN-BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT 
60 


in 
e 


R96 Ser 
+ 


0 20 40 60 80 100 
Ic. COLLECTOR CURRENT (mA) 


FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
40 


~ 
о 


20 BFR96 Series 


0 20 4 60 80 
Ic. COLLECTOR CURRENT (mA) 


FIGURE 8 — OUTPUT POWER AND EFFICIENCY 
versus INPUT POWER (MRF965) 


COLLECTOR-BASE VOLTAGE 
40 
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МСЕ = 125V 80 
See Figure 8 


40 


Рош: OUTPUT POWER (mW) 
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Ceb. COLLECTOR BASE CAPACITANCE (pF) 


FIGURE 9 — MRF965 CLASS C AMPLIFIER @ 500 MHz, 400 mW 


L1 — Copper Strip; 1/4" Wide X 1“ Long 
X 0.005" Thick 
L2 — 3/4", #18 AWG 
0-1 uF L3 — 2 Turns, #18 AWG, 1/4” ID 


Button Т 
(3-30) pF — Arco 194115282-1 


(3-30)pF x 
or equivalent 


(3-30)pF 


(1-10) pF — Johanson Piston 
Trimmer or equivalent 


Bead — Indiana General #56-590-65 


(1-10) pF (3-30) pF 


(3-30)pF 
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BFR96 e MRF961 e MRF962 e MRF965 


BFR96 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vcg = 10 V, Ic = 50 mA) (Vcg = 10 V, Ic = 50 mA) 


+150 


VcE 
(Volts) 
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BFR96 e MRF961 e MRF962 e MRF965 


MRF961 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vcg = 10 V, Ic = 50 mA) (УСЕ = 10 V, Ic = 50 mA) 


+150 


„ји --7 


УСЕ 
(Volts) 
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BFR96 e MRF961 e MRF962 e MRF965 


MRF962 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vcg = ТОМ, Ic = 50 mA) (Vcg = 10 V, Ic = 50 mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-94 


BFR96 e MRF961 e MRF962 e MRF965 


MRF965 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(МСЕ = 10 V, Ic = 50 mA) (Vcg = 10 V, Ic = 50 mA) 


VCE 
(Volts) 
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CASE 317A-01, STYLE 2 


MAXIMUM RATINGS 


Г мм р 
Гены A № | 
2 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 105°C 
Derate above 105°C 


Storage Temperature — 65 to 150 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Мах | Unit | 
Thermal Resistance, Junction to Case(1) | Rac | 250 | см | 


(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Mex | Unit | 


Collector-Emitter Breakdown Voltage — 
(Ic = 1.0 mAdc, Ів = 0) 


Vde 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 тАдс, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 2.5 — — Vdc 
ЧЕ = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO — — 50 nAdc 
(св = 10 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 20 50 150 
(с = 2.0 mAdc, Vcg = 1.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT — 4.5 — 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance Ccb 1.0 pF 
(Vcg = 10 Мас, = 1.0 MHz, Emitter Guarded) 


FUNCTIONAL PERFORMANCE 


Optimum Noise Figure (Tuned) 

(Ic = 10 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
Noise Figure (Untuned, Rg = RL = 50 0) 

(с = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


OFF CHARACTERISTICS 


V(BR)CEO 


Maximum Available Gain(2) 
(Ic = 10 mAdc, Vcg = 10 Мас, = 0.5 GHz) 


Insertion Gain 
(с = 10 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


(2) Gmax = кини — 
max (1 =|S44/2) (1 —[S22/2) 
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FIGURE 1 — 30-900 MHz BROADBAND AMPLIFIER 


O+24 V 


L2 C3 
$34H 0.1 pF 


C1 
(10-100) pF 


Rs-750 еве МІУ 


СЗ, C4, C5 — 01 „Е Chip Capacitor 
L1, L2 — 3.3 4H Molded Inductor 


All Resistors 1/4 W, 20% 


FIGURE 2 — BROADBAND GAIN (Circuit Figure 1) FIGURE 3 — 2nd AND 3rd ORDER INTERCEPT POINTS 
+40 
+30 
-#20 
Е Р 
а a zm Ber 3rd 18 га 
2 a 
$ = о 
š = =10 
2 E 
а. = -20 
= o Measured in circuit 
со š -30 shown in Figure 1. 
a 40 Two-tone test: 
УСЕ = 10 Мас 295.25 and 205.25 MHz. 
ic = 10 mAdc -50 
-60 
0.05 0.1 0.2 04 07 10 -70 -60 -50 -40 -30 -20-10 0 +10 +20 +30 +40 +50 +60 +70 
f, FREQUENCY (GHz) Pin. INPUT POWER (dBm) 


FIGURE 4 — MAXIMUM AVAILABLE GAIN 


versus FREQUENCY FIGURE 5 — 152112 versus FREQUENCY 
40 
g- 36 
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FIGURE 6 — MAXIMUM AVAILABLE GAIN 
versus COLLECTOR CURRENT 
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FIGURE 8 — NOISE FIGURE 
versus COLLECTOR CURRENT 


NF opt. NOISE FIGURE (dB) 


5.0 10 15 20 25 3 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — NOISE FIGURE versus FREQUEN 


NF opt. NOISE FIGURE (dB) 


f, FREQUENCY (GHz) 
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FIGURE 7 — GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


VCE = 5.0 Vde 
f= 500 MHz 


tr. GAIN-BANDWIDTH PRODUCT (GHz) 


Ic. COLLECTOR CURRENT (mA) 


FIGURE 9 — NOISE FIGURE 
versus COLLECTOR CURRENT 
Untuned, Rgs-*R,-50n 


NF, NOISE FIGURE (dB) 


5.0 10 15 20 25 30 35 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 11 — NOISE FIGURE versus FREQUENCY 
Untuned Rs = В| = 500 
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FIGURE 12 — Cib INPUT CAPACITANCE versus FIGURE 13 — COLLECTOR-BASE CAPACITANCE 
EMITTER BASE VOLTAGE versus COLLECTOR-BASE VOLTAGE 
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Сер, Cop. COLLECTOR-BASE CAPACITANCE (pF) 
e 


BFW92A COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(МСЕ = 10 V, Іс = 10 mA) (УСЕ = 10 У, Ic = 10 mA) 


Coordinates in Ohms 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-99 


BFW92A 


VCE 
(Volts) 


BFW92A COMMON-EMITTER S-PARAMETERS 
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BFX89 
BFY90 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| 


Total Continuous Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


i 
P 
a 
o 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Ма | тур | Mex | Umi | 


Collector-Emitter Breakdown Voltage V(BR)CEO — Мас 
(Ic = 10 mAdc, Ів = 0) 
Collector Cutoff Current ІСВО 
(Vcg = 15 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(с = 2.0 mAdc, Vcg = 1.0 Мас) 
(с = 25 mAdc, Vcg = 1.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 2.0 mA, Vcg = 5.0 Мас, f = 500 MHz) 


OFF CHARACTERISTICS 


(С = 25 mA, МСЕ = 5.0 Мас, = 500 MHz) 


Emitter-Base Capacitance 
(МЕВ = 0.5 Мас, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance(2) 
(Усв = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain(4) 
(МСЕ = 10 Мас, [С = 8.0 mA, f = 200 MHz) BFX89 


Spot Noise Figure (Rg = Optimum)(1) 
(ҮСЕ = 5.0 Мас, Ic = 2.0 mA, f = 500 MHz) 


(1) Pin 4 is grounded. 
(2) Pin 4 is not grounded. 
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FIGURE 2 — POWER GAIN versus 
FIGURE 1 — POWER GAIN versus FREQUENCY COLLECTOR CURRENT 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT FIGURE 6 —- OUTPUT CAPACITANCE versus VOLTAGE 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
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ҮСЕ = 10 V, 1с = 10 тА 


S — PARAMETERS 
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MD4957 


CASE 654-02, STYLE 1 
TO-78 


DUAL 
HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Symbol 


Collector-Emitter Voltage VcEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage 
Collector Current 


Both Sides 


Total Device Dissipation Pp 
@ TA = 25°C 200 400 
1.15 2.3 

Operating and Storage Junction ТЈ, Tstg —65 to +200 
Temperature Range 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage 
(Ip = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Мас, ЈЕ = 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 2.0 mAdc, Vcg = 10 Мас, f = 100 MHz) 


Collector-Base Capacitance 
(Усв = 10 Мас, ЈЕ = 0, f = 100 kHz) 


Small Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
ЧЕ = 2.0 mAdc, Vcg = 10 Мас, f = 63.6 MHz) 


Noise Figure 
(Ic = 2.0 mAdc, МСЕ 
(Ic = 2.0 mAdc, МСЕ 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 


0) 


10 Vdc, Rs = 


10 Vdc, f = 450 MHz) (Figure 1) 
50 ohms, f = 1.0 GHz) 


cod Ra ЕН oi 
ығ эч [= = 


ICBO — — 0.1 


ПЕЕ 20 — 150 == 


(УСЕ = 10 Мас, Ic = 2.0 mAdc, f = 450 MHz) (Figure 1) 


10 Мас, lc = 2.0 mAdc, Rs = 


(МСЕ 


MOTOROLA SEMICONDUCTORS 


50 ohms, f = 1.0 GHz) 


SMALL-SIGNAL DEVICES 


7-104 


MD4957 


TYPICAL NOISE FIGURE vs. FREQUENCY 


NF, NOISE FIGURE (dB) 


0.1 0.2 0.3 0.4 05 06 07 08 09 10 
f, FREQUENCY (GHz) 


FIGURE 1 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


* Button type capacitors 
** Variable air piston type capacitors 


1. L1 - silver plated brass bar, 1.0 

in. Ig by 0.25 in od. 
2. L2 - silver plated brass bar, 1.5 
in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3 - % turn of AWG No. 16 wire 
0.25 in. from and parallel to 
12. 

4. Тһе noise source is а hot-cold body 
(All type 70 or equivalent) with a 
test receiver (AIL type 136 or 
equivalent). 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-105 
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COMMON EMITTER Y PARAMETER VARIATIONS 


Y PARAMETERS VS FREQUENCY Y PARAMETERS VS CURRENT 
Усе = 10 Міс Vcg = 10 Vdc Vee = 15 Міс — — — 
lc = 20 mA f = 450 MHz 
- FIGURE 2 — INPUT ADMITTANCE = FIGURE 6 — INPUT ADMITTANCE 


Yie. INPUT ADMITTANCE (mmhos) 


Y... INPUT ADMITTANCE (mmhos) 


Yie. FORWARD TRANSFER ADMITTANCE (mmhos) 
Yie. FORWARD TRANSFER ADMITTANCE (mmhos) 


Yoe. OUTPUT ADMITTANCE (mmhos) 
Yoe OUTPUT ADMITTANCE (mmhos) 


: FIGURE 8 — REVERSE TRANSFER ADMITTANCE 


у... REVERSE TRANSFER ADMITTANCE (mmhos) 


Y,.. REVERSE TRANSFER ADMITTANCE (mmhos) 


0 20 40 6.0 80 10 
f, FREQUENCY (MHz) e: COLLECTOR CURRENT (ТА ) 
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MD4957 


COMMON BASE Y PARAMETER VARIATIONS 


Y PARAMETERS versus FREQUENCY Y PARAMETERS versus CURRENT 
Усв= 10 Vdc Усв= 10 Vdc Усв= 15 Ме — — — 
Іс = 2.0 mA f = 450 MHz 
и FIGURE 10 — INPUT ADMITTANCE : ái FIGURE 14 — INPUT ADMITTANCE 


Yay, INPUT ADMITTANCE (mmhos) 


Ya. INPUT ADMITTANCE (mmhos) 


“ FIGURE 15 — FORWARD TRANSFER ADMITTANCE 


Үз. FORWARD TRANSFER ADMITTANCE (mmhos) 
У+ь, FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 16 — OUTPUT ADMITTANCE 


Yob OUTPUT ADMITTANCE (mmhos) 
Yob OUTPUT ADMITTANCE (mmhos) 


T FIGURE 17 — REVERSE TRANSFER ADMITTANCE 


Yro, REVERSE TRANSFER ADMITTANCE (mmhos) 


Ү,ь. REVERSE TRANSFER ADMITTANCE (mmhos) 


100 200 300 40 5% 0 20 40 60 80 10 
f, FREQUENCY (MHz) 1. COLLECTOR CURRENT (mA) 
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CASE 714-02 


MAXIMUM RATINGS 


WIDEBAND HYBRID AMPLIFIER 


| Supply Voltage | Voc | з | vd | 
[ImputPower |, | 50 | авт | 


ELECTRICAL CHARACTERISTICS (Vpc = 24 Vdc, Zo = 50 О, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
"Frequency Range," unless specified otherwise.) 


[GENE E EE 
[Power Gain — — | о | эз | м | 35 | ав | 
шына  — 0 8 | & | — | | ==] = | 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


1 dB Compression 
(f = 10 MHz) 

(f = 200 MHz) 
(f = 400 MHz) 


Reverse Isolation тета“ 


2nd Harmonic 
КЕРІ” C RR CET = 10 mW) 


Third Order | Third Order Intercept — —— | 


Peak Envelope Power for —32 dB — се. 
Distortion 
n = 


(f = 60 MHz) 
(f = 300 MHz) 
nm ee тг" 
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FIGURE 1 — POWER GAIN AND RETURN 
LOSS versus FREQUENCY 


Gp, POWER GAIN (dB) 


f, FREQUENCY (MHz) 


FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 


Gp, POWER GAIN (dB) 


Vpc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


tu mas 
LE ot TTT ТТ ДА 
LII LITE EE LT HUM 
"LLL LLLI ИШ 
ИШНИ? A oon] 
ШР mu II al!) 
ZA 


Рош, OUTPUT POWER (WATTS) 


2 03 0405 1.0 20 3.0 4.05.0 10 
Pin, INPUT POWER (mW) 


| 
Hs 
zz Lr m 
~ 
AT 
= 

0. 
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NF, NOISE FIGURE (dB) Gp, POWER GAIN (dB) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 


200 300 400 500 
f, FREQUENCY (MHz) 


FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 


JA TTT TT 


Voc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


0 
0.1 02 03 0405 1.0 20 3.0 4.05.0 10 
Pin, INPUT POWER (mW) 


MOTOROLA SEMICONDUCTORS 


MHW590 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 
ORDER versus OUTPUT POWER 


DISTORTION (dB) 


IMD3 — THIRD ORDER INTERMODULATION 


0 200 400 600 800 1000 
Рош. OUTPUT POWER (mW - PEP) 


FIGURE 9 — INTERMODULATION DISTORTION — THIRD 
ORDER versus OUTPUT POWER 


IMD3 - THIRD ORDER INTERMODULATION 
DISTORTION (dB) 


0 200 400 600 800 1000 
Рош. OUTPUT POWER (mW - PEP) 


IMD5 ~ FIFTH ORDER INTERMODULATION 


IMD5 - FIFTH ORDER INTERMODULATION 


DISTORTION (dB) 


DISTORTION (dB) 


FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 
ORDER versus OUTPUT POWER 


Рош. OUTPUT POWER (mW - РЕР) 


FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 
ORDER versus OUTPUT POWER 


Рош. OUTPUT POWER (mW РЕР) 


FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 


Ipc. CURRENT DRAIN (mAde) 


0 40 8.0 12 16 
Урс, SUPPLY VOLTAGE (VOLTS) 
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24 28 32 35 40 
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CASE 714-02 


MAXIMUM RATINGS 


м | Symbol | 
| Input Power ___ | Ра | 
RETE 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zo = 50 О, Tc = 25°C. All characteristics guaranteed over bandwidth listed 
under "Frequency Range," unless specified otherwise.) 


|. Characteristic | Symb! | ма | тур | Mex | Unit | 
[maewymeq. "зз _ | mw, L за | = _ ee | мн | 
Ье E NUS AC ARE | 
[UC T „Ээ. НЕКЕ КЕТ UNI L = run un c Зи NE 


Voltage Standing Wave Ratio, In/Out VSWR 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 
800 
700 
250 
mW 
700 850 
- 600 
300 
3.7 
(f = 100 MHz) i 
(f = 250 MHz) 


Eee е НЕ а БЕТІН ЕСЕ 
Сю ГЕ коз | m4 | 


1 dB Compression 
(f = 30 MHz) 

(f 2 100 MHz) 
(f = 250 MHz) 


Peak Envelope Power 
(IMD3 = —30 dB, f = 30 MHz) 
(IMD3 = —30 dB, f = 100 MHz) 
(IMD3 = —30 dB, f = 250 MHz) 


Noise Figure 
(f 2 30 MHz) 
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FIGURE 1 — POWER GAIN versus FREQUENCY 


20-500 
Tc = 4280€ 


Gp, POWER GAIN (dB) 


01 05 10 50 10 50 100 500 1000 
f, FREQUENCY (MHz) 


FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 


Gp, POWER GÁIN (dB) 


Vpc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


711 


Pout. OUTPUT POWER (WATTS) 


- HM LI LL 
RSA ТЕ 
В Г FI DIEI 


0.1 0.2 03 0405 1.0 2.0 3.0 4.05.0 10 
Pin, INPUT POWER (mW) 


NF, NOISE FIGURE (dB) Gp, POWER GAIN (dB) 


Рош, OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 


0 100 200 300 400 500 
f, FREQUENCY (MHz) 


FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 


Vpc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


20 
16 
12 
0.8 
Il I TII li| 
04 
ЕТЕТ 
I 


E 
ТОО ЕС ШӨ 


0.1 02 03 0405 10 20 30 4050 10 
Pin, INPUT POWER (mW) 
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SMALL-SIGNAL DEVICES 


МНУ/591 


FIGURE 7 — INTERMODULATION FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER DISTORTION versus OUTPUT POWER 


Voc = 136 V 
Two-Tone Test 


am 
30, 30.001 MHz ma wn san si SE: 
Шашын”. 


Voc=12V 
Two-Tone Test 
30, 30.001 MHz 


IMD, INTERMODULATION DISTORTION (dB) 
IMD, INTERMODULATION DISTORTION (dB) 


0 200 400 600 800 1000 0 200 400 600 800 1000 
Рош, OUTPUT POWER (mW РЕР) Pout, OUTPUT POWER (mW - PEP) 


FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
500 


Ipc, CURRENT DRAIN (mAdc) 


0 10 12 14 16 18 20 


0 20 40 6. 
Урс. SUPPLY VOLTAGE (VOLTS) 
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CASE 714-02 


MAXIMUM RATINGS 


Supply Voltage | Voc | 28 | vd | 


WIDEBAND HYBRID AMPLIFIER 


Пора Power [т | so | sm | 
Operating Case Temperature Range TC —20 to +90 
Storage Temperature Range Теғ —40 to +100 


ELECTRICAL CHARACTERISTICS (Урс = 24 Мас, Zo = 50 Q, Тс = 25°C. All characteristics guaranteed over bandwidth listed under 
“Frequency Range,” unless specified otherwise.) 


Voltage Standing Wave Ratio, In/Out 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 


Peak Envelope Power 
(IMD3 = —30 dB, f = 30 MHz) 
(IMD3 = —30 dB, f = 100 MHz) 
(IMD3 = —30 dB, f = 250 MHz) 


Noise Figure 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 


еще е 1 1и [я | 
[mms — — ——— а ИРИ аа ви Гай 
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FIGURE 1 — POWER GAIN versus FREQUENCY 


бр. POWER GAIN (dB) 


0 
0.1 05 10 50 10 50 100 500 1000 
f, FREQUENCY (MHz) 


FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 


Gp, POWER GAIN (dB) 


Урс, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


| фе | Е АИИ ТТ тама 
L LLITHIL T 814 Bic 
—— Hm || 


Pout. OUTPUT POWER (WATTS) 


Hee HEH 

< е 
EE LIT ТШ 

o Hr 


0.1 02 03 0405 10 20 30 4.0 5.0 10 
Pin, INPUT POWER (mW) 
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FIGURE 2 — POWER GAIN versus FREQUENCY 


Gp, POWER GAIN (dB) 


t, FREQUENCY (MHz) 


FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 


NF, NOISE FIGURE (dB) 


20 24 28 
Vpc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


| мени | | || мења“ | [ПЦ 
А BENE 
57 ИТ | 


Рош. OUTPUT POWER (WATTS) 


0.4 


21 02 03 0405 1.0 20 30 4050 10 
Pin, INPUT POWER (mW) 
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FIGURE 7 — INTERMODULATION FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER DISTORTION versus OUTPUT POWER 

= (| Уос-24У = 2 
5 Two Tone Test = 
= 30, 30 001 MHz = Two Tone Test 
20 = -20[— 30, 30.001 MHz 
e E 
lps - 
Ф 2 
а a 
Е 40 Е 40 
Е = 
< < 
8, = 
2 -60 ә -60 
= E 
5 = 
= = 
= -80 = -80 
a a 
z z 

тке Qut БИ жы у SER шн ш 

Pour. OUTPUT POWER (mW - PEP) Pout. OUTPUT POWER (mW РЕР) 


FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 


500 


Ipc. CURRENT DRAIN (mAdc) 


Vpc. SUPPLY VOLTAGE (VOLTS 
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CASE 714-02 


MAXIMUM RATINGS 


Rating | этш | м | Us: | | WIDEBAND HYBRID AMPLIFIER 
пржење S n | № | sm | 


ELECTRICAL CHARACTERISTICS (Урс = 13.6 Мас, Zo = 50 0, Tc = 25°C. All characteristics guaranteed over bandwidth listed 
under "Frequency Range," unless specified otherwise.) 
Characteristic 


Gain Flatness dB 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


1 dB Compression 
(f = 10 MHz) 
(f = 200 MHz) 
(f = 400 MHz) 


2nd Harmonic 
(Pout = 10 mW) 


Third Order Intercept 


Peak Envelope Power for —32 dB 
Distortion 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


DC Voltage 
DC Current 
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FIGURE 1 — POWER GAIN AND RETURN 


LOSS versus FREQUENCY 


50 


[ШШ TT ШТ 
ЕШ ЕНИП 
| | ЕН Power ain ||| 


о 


Gp, POWER GAIN (dB) 


50 100 
f, FREQUENCY (MHz) 


FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 


Gp, POWER GAIN (dB) 


0 
0 20 40 60 80 0 2 1 6 18 20 
Мос, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


Рош. OUTPUT POWER (WATTS) 


20 30 50 10 
Pin. INPUT POWER (mW) 


20 
500 1000 


(Яр) 5501 NYNLIY 1nd1n0/1ndNI 


NF, NOISE FIGURE (dB) Gp. POWER GAIN (dB) 


Pour. OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 


0 100 200 300 400 500 
t, FREQUENCY (MHz) 


FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
70 


0 20 40 60 80 10 12 14 16 в 20 
Урс. SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


01 02 03 0.5 1.0 20 30 
Pin, INPUT POWER (mW) 


eT 
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SMALL-SIGNAL DEVICES 


MHW593 


FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 
ORDER versus OUTPUT POWER 


(8р) NOILHOLSIG МОЦУЛПООЙНЗ. М1 
83080 Н1313- SOW! 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 
ORDER versus OUTPUT POWER 


(8р) М011801510 NOILV1n000WH31NI 
Y30840 QHIHI – ОМІ 


Pout, OUTPUT POWER (mW —PEP) 


Pout, OUTPUT POWER (mW —PEP) 


FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 9 — INTERMODULATION DISTORTION — THIRD 


ORDER versus OUTPUT POWER 


(яр) NOILYOLSIC NOILVINGOWYSLNI 
НЗОНО OHIH1 - £ONI 


Pout, OUTPUT POWER (mW —PEP) 


Pout, OUTPUT POWER (mW—PEP) 


FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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Vpc. SUPPLY VOLTAGE (VOLTS) 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rain — | Symbol | Маше | Unt | 
| Collector-Emitter Voltage | М | 20 | ve | 
| Collector-Base Voltage 1 Усво | — 40 | væ 
| Emitter-Base Voltage | Veso | 40 | Уа 
Adc 


| ic | 04 | 
Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mW/C 


Operating and Storage Junction ТЈ, Тад | —65 to +200 RE 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 5.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 5.0 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 15 Мас, Ів = 0) 


Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) 


Collector Cutoff Current 
(УСЕ = 40 Vdc, УВЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 10 = = SN 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Мас, f = 100 MHz) 


FUNCTIONAL TEST 


Power Output (Figure 1) 
(Pin = 50 mW, Vcc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency (Figure 1) 


Output Capacitance 
(Усв = 12.5 Мас, ЈЕ = 0, f = 100 kHz) 


(Pin = 50 mW, Vcc = 12.5 Vde, f = 175 MHz) 
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` FIGURE 1 — 175 MHz OUTPUT POWER TEST CIRCUIT 


—12.5 Vdc 


3.0 — 30 pF, ARCO 461 OR EQUIVALENT 

8.0 — 80 pF, ARCO 462 OR EQUIVALENT 

100 nH, 4 TURNS NO. 18 AWG, 1/4" I.D., 5/8" LENGTH 
40 nH, 2 TURNS NO. 18 AWG, 1/4" I.D., 1/2" LENGTH 
200 nH, 8 TURNS NO. 18 AWG, 1/4" I.D., 7/8" LENGTH 


FIGURE 3 — PARALLEL EQUIVALENT OUTPUT 


FIGURE 2 — POWER OUTPUT versus POWER INPUT CAPACITANCE versus FREQUENCY 
07 
_ 06 та VCC = -12.5 Мас 
2 Voc = -12.5 Мас = 
2 05 =f ə 
š f= 175 MHz Е 
= 04 + 4 2 
Ë 5 
8 5 
= 03 - 5 
5 Š 
- 02 © 
* op о 
0 
0 10 20 30 40 50 60 100 150 200 300 
Р n. POWER INPUT (mW) t, FREQUENCY (MHz) 
FIGURE 4 — PARALLEL EQUIVALENT INPUT FIGURE 5 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY CAPACITANCE versus FREQUENCY 
60 4 *100 "T 
Усс = - 125 Vde Voc = -12.5 Мас | 
e BM = +50 
= * 
с ш 
ш 40 8 
= о 
= 5 
2 30 = 
z 5 
= = -50 
5 2 = 
= "= 
E 2-00 
0 -150 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON Collector Current — Continuous 


Total Device Dissipation (2 Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N5160 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Тур | мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 
dc 


Collector-Base Breakdown Voltage V(BR)CBO М 
(С = 10 тАдс, Іс = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ig = 0.1 Adc, Іс = 0) 

Collector Cutoff Current ICEO mAdc 
(Vcg = 30 Мас, lg = 0) 


Emitter Cutoff Current 
(УВЕ = 4.0 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 10 — 
(с = 250 mAdc, Vcg = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 1.0 Vdc 
(с = 250 mAdc, lg = 50 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Vcg = 28 Мас, f = 100 MHz) 


Output Capacitance 
(VcB = 30 Vdc, IE = 0, f = 100 kHz) 


FUNCTIONAL TEST 


Power Output 
(Pin = 0.5 W, Усс = 28 Мас, f = 400 MHz) 


Collector Efficiency 


(Pout = 2.5 W, Vcc = 28 Мас, f = 175 MHz) 


Power Input 
(Pout = 2.5 W, Усс = 28 Мас, f = 175 MHz) 
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FIGURE 1 — 175 MHz TEST CIRCUIT 


RF Output 


RF Input 


3.0-30 pF, ARCO 461 or equivalent. 

40 pF 

5.0-80 pF, ARCO 462 or equivalent. 

80 nH, З Turns #18 AWG, 1/4" I.D., 1/4“ Length 
Ferrite Choke, VK-200 Ferroxcube,Q <5 

0.15 uH, RF Choke 

27 nH,2 Turns #18 AWG, 1/4” I.D., 3/8” Length 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF534 


MRF536 
MM4049 


MRF534 


CASE 22-03, STYLE 1 
TO-206AA MM4049 MRF536 
Case 20-03 | Case 22-03 | Case 317-01 
TO-206AF Macro-X 


— 

CASE 317-01, STYLE 2 

! 

i || [=] 
Continuous 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 
Operating and Storage —65 to +200 | -65 to +200 | -65 to + 150 


Junction 
Temperature Range 


MM4049 
CASE 20-03, STYLE 2 
TO-206AF 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(с = 2.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 15 a= 
(с = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 4.5 = 
(Е = 100 џАдс, Іс = 0) 


Collector Cutoff Current IcBO = 
(Vcg = 10 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(с = 25 mAdc, Vcg = 2.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcg = 5.0 Мас, f = 500 MHz) MRF534, MM4049 
MRF536 


V(BR)CEO 


Collector-Base Capacitance 
(VcB = 5.0 Мас, ЈЕ = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Maximum Available Gain 
(Ic = 15 mAdc, VcE 
(с = 15 mAdc, VcE 
(с = 15 mAdc, VcE 


5.0 Vdc, f 
5.0 Vdc, f 
5.0 Vdc, f = 1.0 GHz) 


500 MHz) MRF534 
500 MHz) MM4049 
MRF536 


Hu H H 
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MM4049 e MRF534 e MRF536 


FIGURE 1 — CURRENT GAIN — BANDWIDTH FIGURE 2 — MAXIMUM AVAILABLE GAIN versus 
PRODUCT versus CURRENT COLLECTOR CURRENT 
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FIGURE 3 — NOISE FIGURE versus FREQUENCY 
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MM4049 e MRF534 e MRF536 
MM4049 COMMON-EMITTER S-PARAMETERS 
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MM4049 e MRF534 e MRF536 


MRF536 COMMON-EMITTER S-PARAMETERS 
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ММ8000 
ММ8001 
ММ8002 


CASE 79-02, STYLE 1 
ТО-39 (TO-205AD) 


MAXIMUM РАВ 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage Усво 
Emitter-Base Voltage VEBO 


Collector Current lc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction ТЈ, Tstg | —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(с = 5.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 40 = 
(с = 0.1 тАдс, lg = 0) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Emitter-Base Breakdown Voltage V(BR)EBO 3.5 
ЧЕ = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current IcEO 
(VcE = 28 Vdc, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 30 — — 
(с = 50 mAdc, Vcg = 15 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 25 mAdc, Vcg = 15 Vdc, f = 200 MHz) MM8000 
MMB8001 — — 
MMB8002 1000 — — 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) MMs000 700 — — 
ММ8001 900 -- -- 
MMs002 — 


15 Мас, f = 200 MHz) ММ8000 


ММ8001 


MM8002 
Output Capacitance 


(Vcg = 30 Vdc, ЈЕ = 0, f = 1.0 MHz) ERE 


100 mAdc, VcE = 


Noise Figure (Figure 1) NF 
(с = 10 mAdc, Vcg = 15 Мас, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 


(Ic = 10 mAdc, Vcg = 15 Мас, f = 200 MHz) 
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ММ8000 е MM8001 е MM8002 


FIGURE 1 — 200 MHz TEST CIRCUIT 


Pin (Rg = 500) - Pout (ZL = 509) 


Ст, C2, C3: 1.0 — 30 pF 
C4: 1.0 — 20 pF 
C5: 10,000 pF 
Cg, Су: 1000 pF 
: 0.01 Е 


: 4-1/2 turns, No. 22 
AWG wire, 3/16" 1.0. 

: 3-1/2 turns, №. 22 
AWG wire, 3/16” 1.0. 

: 0.82 uH RFC 

: 240 ohms, 2 watts 
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ММ8009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating | Symb | Маше | Unit | 
| Collector-Emitter Voltage | Усео | + | væ 
| Collector-Base Voltage | Усво | 4% | № | 
|EmiterBase Voltage | Уево | 30 | Vd | 
[Collector Current — Continuous — | с | 4 | mads | 
Watt 
mW^C 
Watts 


ў 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 1.0 
Derate above 25°C 5.71 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mW^C 


Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | Ма | тур | Mex | Unit | 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 100 „Adc, ЈЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(УСЕ = 15 Vde, lg = 0) 

Collector Cutoff Current ICES uAdc 
(УСЕ = 35 Мас, Уве = 0) 

ON CHARACTERISTICS 


DC Current Gain hrE 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Мас, f = 100 MHz) 


Output Capacitance 
(Vcg = 30 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Output (Figure 1) 
(Pin = 316 mW, Vcg = 28 Мас, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 


OFF CHARACTERISTICS 


(VcE = 20 Мас, Veg = 1.5 Мас, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


Collector Efficiency 
(Pin = 316 mW, Vcg = 28 Мас, f = 1.0 GHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-130 


MM8009 


FIGURE 1 — 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 — 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
BIAS TRANSISTOR "ee SEM "мес -vcc “20у 
T Board ıs Glass 
+ {1.12-016°х131°{} Teflon 


13 - 0.16"x0.65" Ki, n 0.060" 
= 256 
14 - RF Choke. 36, va 
Cl -04pF - &0pF Johanson 4640 
C2. 10pF 10 pF Johanson 4355 
СЗ C4 ~ 25 pF Feedthru 
Я - 2k Ohms Pot (Miniature) 


ы 
5 


“М 
= Board is 


ба 
2z:«0280x107 | Felten 
22 = 0.125" хи”) t= 0.060" 

ER 256 


OUTPUT 


а MMB003 
R 39 ohms 
ТІ, T2. Microlab Double Stub Tuner, or Equivalent 
Bias Тее Microlab OBN, or Equivalent 


FIGURE 3 — POWER OUTPUT versus POWER INPUT 


i unuqa 4 
VCE = 28 vac ass wasa LL LaL. 


= 1.0 GHz 


Pout. POWER OUTPUT (WATTS) 
Рош, POWER OUTPUT (WATTS) 


Pin, POWER INPUT (WATTS) f, FREQUENCY (GHz) 
FIGURE 5 — POWER OUTPUT versus VOL TAGE FIGURE 6 — OSCILLATOR POWER OUTPUT versus CURRENT 
0.5 
ҮСЕ = 24У 
5 g 04 225 
Е = 
< < 
z z 
- = | 
E 2 0.3 
5 5 
8 5 
с с 
z E: 0.2 
= Е 
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A 80 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mAdc) 
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ММ8009 


FIGURE 7 — CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 8 — OUTPUT CAPACITANCE versus VOLTAGE 


Cob. OUTPUT CAPACITANCE (pF) 


fr, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


1с, COLLECTOR CURRENT (mAdc) Усв, COLLECTOR-BASE VOLTAGE (VOLTS) 
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MRF207 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


Total Device Dissipation 
@ Tc = 25°C(1) 
Derate above 25°C 


Storage Temperature —65 to +200 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Мах | Unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 5.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 2.0 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ІСВО 
(Усв = 15 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain == 
(с = 100 mAdc, Vcg = 5.0 Мас) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Pout = 1.0 W, f = 220 MHz) 


Input Impedance 


OFF CHARACTERISTICS 


(Pout = 1.0 W, f = 220 MHz) 


Output Impedance 
(Pout = 1.0 W, f = 220 MHz) 
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MRF207 


220 MHz TEST CIRCUIT 
FIGURE 1 — MRF207 


|| FERRITE 
BEAD 


сл 2.0-50pF ARCO 461 
C2,C4 5.0-80pF ARCO 462 
c3 1.5- 15 pF ARCO 460 
cs 40 pF 

ce 1000 pF 

c? 5.0 uF TANTALUM 
L1 1 Turn, #20 AWG, 1/4" ID 
L2 4 Turns, #20 AWG, 1/4 ID 


L3, L4 15 uH RFC 


OUTPUT POWER versus INPUT POWER 
(МСС = 12.5 Мас, f = 220 MHz) 


FIGURE 2 — MRF207 


Е 
= 
0 20 40 60 80 100 
Pin, INPUT POWER (mW) 
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MRF225 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Symbol |  Vaue | Unit | 
Collector-Emitter Voltage сео 
Collector-Base Voltage Усво wok ар“ | 

|a ЗЕН Уве | 


Emitter-Base Voltage VEBO 
Collector Current — Continuous | je | ољ | дв | 


Total Device Dissipation @ Tc = 25°C(1) Watts 
Derate above 25°C mW/°C 
Storage Temperature —65 to +200 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 бәкене | Symbo | Mi | Ма | Unt | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 20 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(с = 20 mAdc, Мве = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ig = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 


(Vcp = 15 Мас, |с = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Gano 
(Vcg = 12 Мас, lp = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1.5 W, Vcc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 1.5 W, Усс = 12.5 Vde, f = 225 MHz) 
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MRF225 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


2.0 


FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


50 pF Dipped Mica 

1.5-20 pF ARCO 402 

4.0-40 pF ARCO 403 

100 pF Dipped Mica 

1000 pF UNELCO 

ТОШЕ 35 V Tantalum 

0.6 Inch #18 AWG 

2 Turns x 0.25 inch ID #18 AWG 
Ferroxcube VK200 

2.2 uH Molded Choke 


<2Усс 


Pout, OUTPUT POWER (WATTS) 


25 50 75 100 
Pin, INPUT POWER (mW) 
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< зе 
5% 


FIGURE 3- SERIES EQUIVALENT IMPEDANCE 


= 12.5 Мас 


= 1.54 


vx зл у» 


MRF227 


CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


22 аша | Symbol | Маше | Unt | 
Collector-Emitter Voltage УСЕО [6 | № | 
Collector-Base Voltage Усво | 36 | ме | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Emitter-Base Voltage VEBO | 40 | md | 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/C 


Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symb! | Ма | Typ | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 50 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 50 mAdc, УВЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 1.0 тАдс, Ic = 0) 


Collector Cutoff Current 
(Мев = 15 Мас, ЈЕ = 0) 


Collector Cutoff Current 
(VcE = 15 Мас, Мве = 0, Tc = 55°C) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Усв = 12.5 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Усс = 12.5 Мас, f = 225 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Усс = 12.5 Мас, f = 225 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-137 


MRF227 


FIGURE 1 — 225 MHz TEST CIRCUIT 


C1,C2,C3,C4 ARCO 420 
1000 pF, UNELCO 
0.047 pF, ERIE 
1.0 pF, TANTALUM 
#18 AWG, 1” Wire Length 
VK200-4 Ferroxcube 


1 Turn, #18 AWG, 1/4" ID x 
2" Wire Length 
0.15 uH DELEVAN Molded Choke 


Board — Glass Teflon, Ең = 2.56, t = 0.062" 
Input/Output Connectors — Type N 


FIGURE 2 — INPUT POWER versus OUTPUT POWER — 125 V 


Vcc = 12.5 Volts 
f = 225 MHz 
(Tuned @ 3 W out) 


Pout, OUTPUT POWER (WATTS) 
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Pin, INPUT POWER (WATTS) 


FIGURE 4 — INPUT POWER versus OUTPUT POWER — 7.5 V 


L1 1131111] 13 Vee = 7.5 Volts 
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FIGURE 3 — INPUT POWER versus OUTPUT POWER — 13.6 V 
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MRF229 
MRF230 


MRF229 
CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


ae ae 
40 ас 
Collector Current—Continuous | | |с | 05 | Ad 


Total Device Dissipation (v Tc = 25°C(1) 5.0 Watts 
Derate above 25°C 28.6 тМ//ғС 


THERMAL CHARACTERISTICS 


MRF230 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


м | u= | 
HIGH FREQUENCY TRANSISTOR | [Tremel Resistance, Junson to Gare | Мас | æ | w | 


NPN SILICON (1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF Amplifiers. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Mi | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 25 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 25 mAdc, Уве = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 


(Е = 0.25 mAde, Іс = 0) 


Collector Cutoff Current 
(Vcg = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 5.0 — — 
(Ic = 250 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo — 25 pF 
(Vcg = 12.5 Vdc, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Pout = 1.5 W, f = 90 MHz) 


Collector Efficiency 
(Vcc = 12.5 Мас, Pout = 1.5 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through All Phase 
(Усс = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz, Тс = 25°C) Angles in 3 Second Interval 
After Which Devices Will Meet 
СРЕ Test Limits 
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FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


Output 


C1 5.0-80 pF, ARCO 462 20 uF, 15 Vdc TANTALUM 

C2,C6 25-280 pF, ARCO 464 2 Turns, #18 AWG, 3/8'' 1.0. 3/8” Long 

сз 250 pF UNELCO 2.5 Turns, #20 AWG, on Ferrite Bead. 

c4 10 pF UNELCO FERROXCUBE 56-590-65-38 

С5 9.0-180 pF, ARCO 463 З Turns, #18 AWG, 3/8” I.D., 1/2" Long 
1000 pF UNELCO L4 0.68 uH, 9230-16 MILLER Molded Choke 
0.47 uF ERIE Disc Ceramic L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 

R1 4.7 OHM, 1/2 W, 10% Carbon 


Input/Output Connectors — Type BNC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 


SERIES EQUIVALENT INPUT IMPEDANCE 
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FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 


versus FREQUENCY 
50 + m 
Vcc = 12.5 Мас 
Рош = 1.5 W 
= = 
= o 
ЗЕ 
= = 
ш 
22 
же 
== 
EE 
2% 
се 
pt 
ет 
= 


t, FREQUENCY (MHz) 


FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 
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FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
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FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 
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MRF237 


CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


Г — — D] wes [ se] 
a Wi” "yl sapi ке] 
| Collector-Base Voltage | Мсво | 36 | уж | 
| EmitterBase Voltage — à à  — | Veso | 40 | уж | 
| Collector Current—Continuous | с | 60 | madc | 
Total Device Dissipation @ Tc = 25°C ERE SS 
Derate above 25°C 45.7 mW/^/C 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Ма | Unit | 
Thermal Resistance, Junction to Case | Вес | 20 | см | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


| Cham | Зутво | Ма | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(с = 5.0 mAdc, МВЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current IcBO 
(Усв = 15 Мас, |с = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(с = 250 mAdc, Vcg = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Сље 
(Vcg = 15 Мас, ЈЕ = 0, f = 0.1 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Voc = 12.5 Vdc, 
|с(тах) = 640 mAdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 4.0 W, Vcc = 12.5 Vdc, 
Іс(тах) = 640 mAdc, f = 175 MHz) 
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FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


С1,С4,С5 3.0- 180 pF, ARCO 463 1/2 Turn, #16 AWG, 0.5“ 1.0. 
1.75 - 30 pF, ARCO 461 17, #16 AWG 
40 pF, UNELCO 0.75" #16 AWG 
0.01 uF, ERIE 1 Turn, #16 AWG, 0.5” 1.0. 
0.1 uF, ERIE REDCAP 0.15 ин Molded Choke 
1.0 ГЕ, TANTALUM 1.2 ин Molded Choke 
1000 pF, UNELCO FERRITE Beads, FERROXCUBE 
100 pF UNELCO #56-570-65/38 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


0 100 200 300 400 
Pin, INPUT POWER (mW) 


t, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


2% 
ZOL 
1.85-12.53 | 16.74-21.03 
1.87-11.79 | 14.63-114.08 

34114 ^^ 

EU za 


AP 


Pout, OUTPUT POWER (WATTS) 


8.0 9.0 10 11 12 13 14 15 16 
Усс, SUPPLY VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


| м | Symbo | ve | Ший | 
| Collector-Emitter Voltage | мю | 3 | № | 
| Collector-Base Voltage | Усво | 4% | № 
| Emitter-Base Voltage | Veso | 30 | 
[Conector Current — Continuous — — | ie | № | тай | 
5 | ме | 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case | Rac | 285 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


MRF313 
MRF313A 


MRF313 
CASE 305A-01, STYLE 1 


MRF313A 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


x Characteristie | уто | ма | Te | Mex | џл | 


OFF CHARACTERISTICS 


Collector Cutoff Current ICEO 
(УСЕ = 20 Vdc, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 
(с = 100 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 28 Мас, ЈЕ = 0, f = 1.0 MHz) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 5.0 mAdc, УВЕ = 0) 

Collector-Base Breakdown Voltage V(BR)CBO мас 
(Ic = 0.1 mAdc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mAdc, Ic = 0) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain(1) 
(Vcc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Series Equivalent Output Impedance 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


(1) Class C 
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FIGURE 1 - 400 MHz POWER GAIN TEST CIRCUIT 


—— Ы 


4 
c? св I. +28 Мас 
[7 < 


ce 


RF Output 


C1,C2,C4 1.0-20 pF JOHANSON 9063 L1,L3 5 Turns, AWG #20, 4“ 1.0 
C3 1.0-10 pF JOHANSON L2 Ferrite Bead, FERROXCUBE R 4.7 Ohms, ја W 
C5 150 pF Chip No. 56-590-65/48 Z1 20'x0.1" MICROSTRIP LINE 
Сб 0.1 uF (4 FERROXCUBE VK200-20/4B 22,23 2.6" x 0.1" MICROSTRIP LINE 
С7,СВ 680 pF Feedthru Input/Output Connectors — Type N 
СӘ 1.0иЕ TANTALUM Board — Glass Teflon, є = 2.56, t = 0.062" 
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MAXIMUM RATINGS 
Collector-Base Voltage | вв | æ | 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| теме | Зутво | ма | Mex | ши | 


OFF CHARACTERISTICS 


MRF402 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector-Emitter Breakdown Voltage 
(с = 100 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage 
(с = 100 mAdc, УВЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 0.25 mAdc, Ic = 0) 


Collector Cutoff Current 
(Усв = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 250 mAdc, МСЕ = 5.0 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 15 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Рош = 1.0 W, Іс(тах) = 160 mAdc, f = 50 MHz) 


Collector Efficiency 


V(BR)EBO 4.0 - Vde 


ICBO = 


ЋЕЕ 5.0 


(Усс = 12.5 Мас, Рош = 1.0 М, Ic(max) = 160 mAdc, f = 50 MHz) 
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FIGURE 1 — 50 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


C1,C2,C5 — 25-280 pF, ARCO 464 or equiv. L1 — 2 Turns No. 18 AWG, 3/87 1.0. 
СЗ — 40 pF, 500 Мас UNELCO L2 — 2 1/2 Turns, Small Ferrite Bead 
C4 — 9.0-180 pF ARCO 463 or equiv. L3 — 5 Turns No. 18 AWG, 3/8” 1.0. 
C6 — 1000 pF feedthru L4 — 1.0 uH RF Choke 
C7 — 0.1 uF, 75 Мас 
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MRF501 
MRF502 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| — Rang | Symbol |MRFS01|MRF502| Unit | 
| Collector-Emitter Voltage | Усео | _ 15 — | № | 
|CollectorBase Voltage | | Vcgo | 25 | 35 | № | 
жете ене peo HM 
| CollectorCurrent | |с | 69 | 
Total Device Dissipation @ Ta = 25°C И ФЕ каво 
Derate above 25°C 1.14 mW/^C 


Storage Temperature —65 to +200 | © | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Refer to 2N5179 for curves 


|2 Сәмет | Symb! | Min | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 

(с = 3.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 

(Ic = 1.0 дАдс, ЈЕ = 0) MRF501 

MRF502 

Emitter-Base Breakdown Voltage V(BR)EBO 

ЧЕ = 1.0 uAdc, Іс = 0) 
Ka z PIE 


(Vcg = 1.0 Vdc, ЈЕ = 0) MRF501 
MRF502 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) MRF501 
MRF502 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(С = 5.0 mAdc, Vcg = 6.0 Мас, f = 100 MHz) MRF501 
MRF502 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 0.1 to 1.0 MHz) 


Collector Base Time Constant 
ЧЕ = 2.0 mAdc, Vcg = 6.0 Мас, = 31.8 MHz) 


Noise Figure (Figure 1) 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, MRF501 
Rs = 50 ohms, f = 200 MHz) MRF502 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 


(Vcc = 6.0 Мас, Ic = 5.0 mAdc, f = 200 MHz) MRF501 
MRF502 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF501 e MRF502 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


1N3195 


183195 


FROM 500 7 
SOURCE 002 uF 


L1 13/4 Turns, #18 AWG, 0.5” Long, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" Long, 0.5" Diameter 
L3 2 Turns, #18 AWG, 0.25” Long, 0.5" Diameter, Position Approximately 0.25" from L2 
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CASE 244A-01, STYLE 1 
TO-117 


MAXIMUM RATINGS 


| Rain | Symb! | Value | 

Collector-Emitter Voltage VCEO Lim | 

Collector-Base Voltage VCBO EE | 
5.0 


Emitter-Base Voltage VEBO | 35 | 


Collector Current — Continuous 


__ с | ж | 
Total Device Dissipation (v Tc = 25°C 
Derate above 25°C 28.6 
Storage Temperature —65 to +200 
Stud Torque(1) | — | e | 


(1) For Repeated Assembly use 5 In. Lb. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Cheese | Symb! | Ма | тур | мах | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 5.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Adc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 100 „Adc, Ic = 0) 


Collector Cutoff Current 
(УСЕ = 15 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 80 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, lg = 10 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 80 mAdc, Vcg = 20 Мас, = 200 MHz) 


Output Capacitance 
(Усв = 20 Мас, lp = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 50 mAdc, Vcg = 20 Мас, f = 200 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcg = 20 Мас, Іс = 80 mAdc, f = 250 MHz) 


2nd Order Intermodulation Distortion 
(УСЕ = 20 Мас, lc = 80 mAdc, Vout = +50 dBmV, 
Chn 2 + Chn 13 = 266.5 MHz) 


Cross-Modulation Distortion 
(УСЕ = 20 Мас, Vout = +50 dBmV, Іс = 80 mAdc) 


Triple Beat 
(МСЕ = 20 Мас, [С = 80 mAdc, Vout = +50 dBmV, 
Chn 2 + Chn 3 + Chn E = 261.75 MHz) 
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fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


Cib, INPUT CAPACITANCE (pF) 


š 


FIGURE 1 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


C1,C3,C4,C5,C6 0.002 uF Ceramic Disc 
c2 0.35-3.5 pF JOHANSON 4702 
2 Turns, #20 AWG, 1/8” I.D., 0.2 '" Long 
Бин, Ferrite Choke, MILLER 


18 Turns, #24 AWG Enamelled, on Ferrite Torrid Core 


FERROXCUBE 1041TO60-4C7 


5 Turns, #20 AWG, 3/16" I.D., 0.35" Long 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT 


0 20 40 60 80 100 120 140 160 180 200 
Ic, COLLECTOR CURRENT (mA) 
FIGURE 4 — INPUT CAPACITANCE 

25 
20 
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10 
5.0 
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VEB, EMITTER-BASE VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


Cob, OUTPUT CAPACITANCE (pF) 


NF, NOISE FIGURE (dB) 
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RF Output 


CIRCUIT PERFORMANCE 


Input/Output Return Loss 
Flatness 

Gain 

Bandwidth 


4.7 КӘ, 1/4W, 10% 

27 2, 1W, 10% 

27 2, 1W,10% 

300 2, 1/4W, 10%. 
Input/Output Connectors — Type F 
Zo — 75 Ohms 


FIGURE 3 — OUTPUT CAPACITANCE 


4.0 8.0 12 16 20 24 28 
Усв, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 5 — BROADBAND NOISE FIGURE 


10 20 30 40 50 60 70 во 90 100 
Ic, COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


MRF511 


FIGURE 6 — 12 CHANNEL CROSS-MODULATION FIGURE 7 — 12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLTAGE versus COLLECTOR CURRENT 
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30 


Ic = 80 mAdc 
Eg = +50 dBmV 


XMD, CROSS MODULATION ON CHANNEL 13 (-dB) 
XMD, CROSS MODULATION ON CHANNEL 13 (-dB) 


15 16 7 18 19 21 23 24 25 50 60 70 80 90 100 110 120 
УСЕ, COLLECTOR- E VOLTAGE ла Ic, COLLECTOR CURRENT (mA) 
FIGURE 8 — 30 CHANNEL CROSS-MODULATION FIGURE 9 — 30 CHANNEL CROSS-MODULATION 
ON CHANNEL R ON CHANNEL 2,13,R 


т = 20 Мас 
= +50 dBmV 


= 
семе 
santz IE 


XMD, CROSS MODULATION ON CHANNEL А (-dB) 


50 60 70 80 90 100 110 120 
1с, COLLECTOR CURRENT (mA) 


50 60 70 80 90 100 110 120 
1с, COLLECTOR CURRENT (mA) 


XMD, CROSS MODULATION ON CHANNEL 2, 13, R (-dB) 


FIGURE 10 — 30-CHANNEL CROSS-MODULATION versus 
COLLECTOR-EMITTER VOLTAGE 


Ic = 80 mAdc 
Eo = +50 dBmV 


XMD, CROSS MODULATION ON CHANNEL R (-dB) 


15 16 7 18. 19 20 21 22 23 24 25 
УсЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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E 


MRF511 


FIGURE 


12 — TRIPLE BEAT versus 


FIGURE 11 — TRIPLE BEAT versus COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


НН р 
=z УСЕ = 20 Vdc 


Eg = +50 dBmV on Channel 2, 3, E 


TB, TRIPLE BEAT AT 261.75 MHz (-dB) 
TB, TRIPLE BEAT AT 261.75 MHz (-dB) 


up 


Г ng E T ӨЕ 
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Ic, COLLECTOR CURRENT (mA) МЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
FIGURE 13 — SECOND ORDER IMD versus COLLECTOR FIGURE 14 — SECOND ORDER IMD versus COLLECTOR- 
CURRENT EMITTER VOLTAGE 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT (S11) AND 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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OUTPUT 


SMALL-SIGNAL DEVICES 


MRF511 
FIGURE 16 — FORWARD TRANSMISSION FIGURE 17 — REVERSE TRANSMISSION 
COEFFICIENT (S21) versus FREQUENCY COEFFICIENT (S12) versus FREQUENCY 
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MRF515 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[CwesorEmimervotae | Мю | № | 
| Colector-Base Voltage [| Vcgo | 3 | 
|EmiterBase Voltage | Уево | 40 | 
[Collector Current — Continuous | ie | № | 
Total Device Dissipation @ Tc = 25°C ЕЛЕ Е 
Derate above 25°C 14.3 


Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


| Symbol | Mim | Тур | Мах | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 5.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 „Adc, lp = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 100 Аас, Ic = 0) 


Collector Cutoff Current ICEO 
(МСЕ = 15 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(с = 50 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 50 mAdc, lg = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Vcg = 10 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 12.5 Vde, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 


Collector Efficiency % 
(Vcc = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 
Series Equivalent Input Impedance 14--|4.0 
(Усс = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 
Series Equivalent Output Impedance Zout 28 —j38 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT 


C1,C2,C3 - 1.0-10 pF JOHANSON BOARD = 0.032" TEFLON GLASS, 

C4 - 0.1 uF disc €R=2.5 
C5 - 1.0 uF TANTULAM 
Сб - 0.018 uF chip 
C7 - 1000 pF Feedthru 

L1,L2 - 0.15 uF Choke 
L3 - Bead Ferrite 

21,22 - 0.09" x 0.5” LINE, Zo = 100 2 
23 - 0.18” x 1.0" LINE, Zo = 502 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 4 — OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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FIGURE 5 — $11 and S22 versus FREQUENCY 
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eo 
ОМ 2:200 % 


3500 3400 330° 
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MAXIMUM RATINGS CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Тс = 50°C 
Derate above 50°C 


Junction Temperature 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Rac | 50 | °w | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic 7 | Symbo | wi | тур | мах | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 5.0 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER Vdc 
(с = 5.0 mAdc, ВВЕ = 330 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 „Acdc, Іс = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ip = 100 дАдс, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(МСЕ = 15 Мас, Ів = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 60 mAdc, МСЕ = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 60 mAdc, МСЕ = 15 Мас, f = 200 MHz) 


Output Capacitance 
(Vcg = 15 Vdc, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 

(Vcg = 15 Vdc, Іс = 60 mAdc, f = 300 MHz) 
Broadband Noise Figure 

(МСЕ = 15 Мас, Ic = 50 mAdc, f = 300 MHz) 


2nd Order Distortion 
(УСЕ = 15 Мас, Іс = 60 mAdc, Egut = +45 dBmV, 


Ch 2 + Ch G = 212.5 MHz) 


NCTA Cross Modulation Distortion, 12 Ch's (2-13) 
(МСЕ = 15 Мас, Ic = 60 mAdc, Egut = +45 dBmV, 
Measured at Ch's 2 and 13) 

Triple Beat Distortion, 3 Ch's 


(УСЕ = 15 Мас, Іс = 60 mAdc, Egut = +45 dBmV, 
Ch's (4 5 + A) = 265 MHz) 
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FIGURE 1 — POWER DISSIPATION 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 2 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


RF Output 


RF Input 


C1 1.0 — 10 pF JOHANSON (4 VK200 
C2,C6,C7 0.002 uF Ceramic Disk T1 16 1 Bifilar Wound, #20 AWG Enameled Wire, 
C3,C5 0.1 ШЕ, 50 Мас Tantalum Wound on a FERROXCUBE 1041T060-4C4 Core 
са 1000 pF Button R1 47 к:), 1/4 Watt, 10% 
L1 1 Turn, #20 AWG R2,R3 27 K , 1/4 Watt, 5% 
L2 5.6 ин Molded Choke R4 270 $2, 1/4 Watt, 5% 


L 4T = А "WD. 
3 Bing 20 AWS, ПИЯ: D Input/Output Connectors Type F 


Zo = 75 Ohms 
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FIGURE 3 — TYPICAL RESPONSE CURVE 
(See Figure 2) 


SEH 
= 60 m 


/ 


RAAP БИН 


НН 


ІС = 60 mAdc 


VCE = 15 Vde 


(яр) NIV9 H3M0d 299 


g cw (MHz) 


f, FREQUENCY (MHz) 


FIGURE 6 — INPUT CAPACITANCE versus 


FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 


EMITTER-BASE VOLTAGE 


versus COLLECTOR CURRENT 


hfe Measured at 200 MHz 


ҮСЕ = 15 Vdc 


(2НИ) 1900059 Н101М0МУ8-МІУ9 аманнпо 1i 


Veg, EMITTER-BASE VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 8 — BROADBAND NOISE FIGURE versus 


FIGURE 7 — OUTPUT CAPACITANCE versus 


COLLECTOR CURRENT 


COLLECTOR-BASE VOLTAGE 


e e = е 
со о т ~ 


(39) 32МУ112У4У2 1nd1n0 492 
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Іс. COLLECTOR CURRENT (mA) 


Vcg, COLLECTOR.BASE VOLTAGE (VOLTS) 
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FIGURE 9 — 2nd ORDER DISTORTION (f4 + f2) versus 
COLLECTOR CURRENT 


VcE = 15 Vde 
Eout = +45 dBmV (178 mV/Ch) 


f1: Ch 2 (55 MHz) 
f2: Ch 13 (211 MHz) 
B0 13: Ch R (265 MHz) 


nuE 
w s L eS 
3 40 50 60 10 


Ic, COLLECTOR CURRENT (mA) 


IMD, 2nd ORDER DISTORTION (-dB) 


FIGURE 11 — DIN 45004 CROSS-MODULATION DISTORTION 


МСЕ = 15 Мас 
1С = 60 mA 


1 = Reference Frequency = 265 
27 271 MHz, Ебџ (2) = Eput -6 dB 
37 273 MHz, Egut(3) = Eout -6 dB 


Eout, REFERENCE OUTPUT VOLTAGE (dByV) 


DIN 45004 CROSS MODULATION DISTORTION (dB) 


FIGURE 10 — 12-CHANNEL CROSS MODULATION 
DISTORTION versus COLLECTOR CURRENT 


г 


УСЕ = 15 Vde 
Eout = +45 dBmV (178 mV/Ch) 


ХМ00, CROSS MODULATION DISTORTION (-dB) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 12 — TRIPLE BEAT DISTORTION ($1 + f2 + f3) versus 
COLLECTOR CURRENT 


МУСЕ = 15 Vde 
Eout = +45 dBmV (178 mV/Ch) 


TB, TRIPLE BEAT (-dB) | 


f1: Ch 4 (67 MHz) 
f2 Ch 5(77 MHz) 
t3: Ch A (121 MHz) 


1с, COLLECTOR CURRENT (mA) 


FIGURE 13 — HARMONIC DISTORTION (2f, 3f) versus 
COLLECTOR CURRENT 


21, 31, HARMONIC DISTORTION, (-dB) 


60 70 80 


іс. COLLECTOR CURRENT (mA) 
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CASE 79-03, STYLE 5 MAXIMUM RATINGS 
TO-39 (TO-205AD) 


ee "aA шп [Нн] мш | Ww 
| Collector-Emitter Voltage Rae = 3309 | Veer | 25 | № | 
| Collector-Base Voltage —  — | Усво | % | vde | 
ен E vac 


Collector Current — Continuous 

Total Device Dissipation @ Ta = 50°C EXE [че] 
Derate above 50*C 0. 017 mi m 

| Junction Temperature ___|- т | +7 | 

CT  NEMENE ME = 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Мах | Unit | 
Thermal Resistance, Junction to Case | Rac | 6 | “cw | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 5.0 mAdc, Ів = 0) 


Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 5.0 mAdc, ВВЕ = 330 Ohms) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mA, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
ЧЕ = 0.1 mA, Ic = 0) 


Collector Cutoff Current ICEO 
(МСЕ = 15 Мас, Ів = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 60 — 175 
(с = 80 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 20 Мас, f = 200 MHz) 


Output Capacitance 
(Усв = 10 Мас lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 26 Мас, Ра = 0 dBm, f = 400 MHz) 


Broadband Noise Figure 
(УСЕ = 26 Vdc, = 400 MHz) 
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FIGURE 1 — 225 to 400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


RF 
RF Output 
Input 
O +26 Vde 
C1, C2 — 2.5-11 pF Erie Ceramic Variable Аб — 120 N 1/2 Watt Carbon 
СЗ — 47 uF 6.0 ye v i L1 — 1 Turn #24, 0.125 mil ID 
ed ат c Р ey L2, L4 — 0.47 ин Molded Choke 
me а : 5 үй Е: P- "—M L3 — 2 Turns #24, 0.125 mil ID 
SSNS IPP Ene amic VII L5 — 4 Turns #24, 0.125 mil ID 
R1 — 150 2 1/8 Watt Carbon Q2 — 2N2907A 
R2 — 100 Я 1/8 Watt Carbon 
ЯЗ, R4 — 10 kQ 1/8 Watt Carbon *Transistor Under Test 
R5 — 3.3 КО 1/8 Watt Carbon lg = 47 mAdc (Nomina!) 
FIGURE 2 — COMMON-EMITTER POWER GAIN (Gmax) FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT 
versus FREQUENCY versus COLLECTOR CURRENT 
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!, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (тА) 


FIGURE 5 — 1.0 dB GAIN COMPRESSION OUTPUT 
FIGURE 4 — BROADBAND AMPLIFIER RESPONSE versus FREQUENCY 


GAIN (dB) 


Pout, OUTPUT LEVEL (dBm) 


Measured in circuit 
shown in Figure 1. — 


t, FREQUENCY (MHz) 1, FREQUENCY (MHz) 
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FIGURE 6 — THIRD ORDER INTERCEPT 


Measured in circuit — 
shown in Figure 1 


Two Tone Test 


400 and 402MHz | 


Pout. OUTPUT LEVEL (dBm) 


Pin, INPUT LEVEL (dBm) 


S—PARAMETERS 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristic | Symb! | Ма | Te | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 100 Vdc 
(Ic = 0.1 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ІСЕ5 pAdc 
(Усе = 75 Vdc, VBE = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(с = 5.0 mAdc, Vcg = 10 Мас) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ів = 1.0 mAdc) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 25 Мас, f = 100 MHz) 


Output Capacitance 


(Усв = 10 Мас, ЈЕ = 0, = 1.0 MHz) 


Input Capacitance 
(VBE = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 
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ІТ, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) 


Cob, OUTPUT CAPACITANCE (pF) 


FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 
a? ee a Ba ЗО В И 
ГІНЕ ЖЕ Ll | | 


0 10 20 30 40 50 60 70 80 
Ic, COLLECTOR CURRENT (uA) 


FIGURE З — OUTPUT CAPACITANCE 


" Bp NM NE ser кеш 
0 
МА ЕШ | rex 
0 20 30 40 50 60 70 80 
VcB. COLLECTOR-BASE VOLTAGE (VOLTS) 
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FIGURE 2 — INPUT CAPACITANCE 


Cip, INPUT CAPACITANCE (pF) 


Veg. EMITTER ВАЗЕ VOLTAGE (VOLTS) 


FIGURE 4 — DC SAFE OPERATING AREA 


Ic, COLLECTOR CURRENT (mA) 


УСЕ, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


2 әне Дд) Symbol | ма | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 mA) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mA) 
Collector Cutoff Current 
(УСЕ = 75 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mA, Vcg = 10 V) 


Collector-Emitter Saturation Voltage 
(с = 10 mA, Ів = 1.0 mA) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mA, Vcg = 25 V, f = 100 MHz) 


Output Capacitance 
(Усв = 10 V, f = 1.0 MHz) 


MRF534, MRF 536 For Specifications, See MM4049 Data. 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 
[Rating [| Symbol | ме | Unt | 
| Collector-emitter Voltage | Мсео | 18 | м | 
| Collector-Base Voltage | Усво | % | мас | 
к= = = ҒЫЛЫ джс MIL NE 
Total Device Dissipation @ Tc = 50°C ри [к] 

Derate above 50°C прие 


Storage Temperature —65 to +150 --4--4 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min Typ Max | Unit | 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 

(с = 5.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 

(Ic = 100 дАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 

ЧЕ = 100 „Adc, Ic = 0) 
Collector Cutoff Current ІСЕ5 

(УСЕ = 15 Уас, УвЕ = 0) 
ON CHARACTERISTICS 
DC Current Gain hrE 30 90 200 


(с = 50 mAdc, Vcg = 10 Уас) 
SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Усс = 12.5 Vde, Рош = 0.5 W) 870 MHz 
512 MHz 


Collector Efficiency (Figure 1) 
(Усс = 12.5 Мас, Pout = 0.5 W) 870 MHz 
512 MHz 


TYPICAL PERFORMANCE (а Усс = 7.5 V 


Common-Emitter Amplifier Power Gain 
(Усс = 7.5 Мас, Рош = 0.5 W) 


Collector Efficiency 
(Усс = 7.5 Мас, Рош = 0.5 W) 870 MHz 
512 MHz 
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FIGURE 1 — 870 MHz TEST FIXTURE 


C1, C2, C4, C5 — 1.0-10 pF Johanson Z1 — 500 1.5 cm 


СЗ, Сб — 0.001 [Е Chip Capacitor Z2 — 30 0 2.5 cm 
C7 — 1.0 „Е Tantulam Z3 — 500 2.0 cm 
L1, L4 — 4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long Z4 — 500 1.2 cm 
L2, L3 — Ferrite Bead Z5, 26 — 50 N 1.25 cm 


Microstrip Elements — er = 1.0 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
f-512 MHz Усс- 7.5 У 


800 


t 600 а = 
= Усс = 12.5 V = 
= = 
© 2 
= 400 = 
= = 
= = 
= > 
e e 
42200 р. 


0 
0 20 40 0 80 100 400 425 450 475 500 525 
Pin. INPUT POWER (mW) f, FREQUENCY (MHz) 
FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE FIGURE 5 — OUTPUT POWER versus FREQUENCY 
f-512 MHz Усс = 12.5 V 
800 
= 600 t 
Е 5 
5 400 5 
о. о. 
3 2 
«8 200 8 
0 0 
50 15 10 125 15 175 400 425 450 475 500 525 
Мес, COLLECTOR VOLTAGE (V) t, FREQUENCY (MHz) 
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FIGURE 6 — Zin AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


|. wh | eee 
f OHMS 

FREQUENCY 

ТАНИ с-з | Мот | мены — | 

Css | zmn | sonw | ow | osow | ovew| 935% | овом | 

эю fiama [aono  sz-i | эт-нә | sa-a |аз-не| 20-108 | эз-во | вз-ве | 
[ao [oozes [asc заве | 27-42 | 29-190 | зове | 19-192 | зт оиа | «9-160 | 
EECHEEETRIETRECTH 26-96 | 26-25 | 20-00 10-16 | эм | «7-10 | 


"201 = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


FIGURE 7 — OUTPUT POWER versus INPUT POWER FIGURE 8 — OUTPUT POWER versus FREQUENCY 
f- 870 MHz Усс-7.5У 


Рош, OUTPUT POWER (mW) 
Pout, OUTPUT POWER (mW) 


0 30 60 90 120 150 800 830 860 890 920 950 
Pin. INPUT POWER (mW) t, FREQUENCY (MHz) 
FIGURE 9 — OUTPUT POWER versus COLLECTOR VOLTAGE FIGURE 10 — OUTPUT POWER versus FREQUENCY 
f= 870 MHz Усс = 12.5 V 


Pout: OUTPUT POWER (mW) 
Рош. OUTPUT POWER (mW) 


.0 7.5 10 12.5 15 17.5 00 830 860 890 920 950 
Усс, COLLECTOR VOLTAGE (V) f, FREQUENCY (MHz) 


FIGURE 11 — Zin AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 


FREQUENCY | 


затим | somw [100mm | олем | овом Готви | озви | овом | o7sw 
аю [zorz | aerea [47765 |во- пара? вов избрав -iass|172 поза 077 
ШЕГЕН ЕТЕГІ | за: [аата ШИГЕСІНСЕПЕНІЕ ТЕГІ ЕСЕСІН 
mo эвт | sarro [saner ШЕСИСТЕСІ ТЕСІП ШСІПІНГЕСІНІГ 


*ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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FIGURE 12 — GAIN versus FREQUENCY 
МСЕ = 10 V, Ic = 50-100 mA 


k ISR L j 
=ч I. 


12 
182112 


G —— с i —T 
wimax) 1115112) (118227) 


Gp. GAIN (dB) 


200 300 500 700 1000 1500 2000 
f, FREQUENCY (MHz) 


FIGURE 14 — NOISE FIGURE AND ASSOCIATED GAIN 
FIGURE 13 — GAIN versus COLLECTOR CURRENT versus COLLECTOR CURRENT 
УСЕ = 10У УсЕ = 10V 


NF, NOISE FIGURE АМО 
Gyf. ASSOCIATED GAIN (dB) 


Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 15 — CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT FIGURE 16 — OUTPUT CAPACITANCE versus 
МСЕ = 10 М COLLECTOR BASE VOLTAGE 


4.0 


+, CURRENT GAIN BANDWIDTH PRODUCT (GHz) 


0 20 40 60 -80 10 12 14 16 18 20 


Ic. COLLECTOR CURRENT (mA) Vc. COLLECTOR BASE VOLTAGE (VOLTS) 
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FIGURE 17 — COMMON EMITTER SCATTERING PARAMETERS 


Vcr WERE duci 
| ода | = | ома ва [ттан 2 
10 А 
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FIGURE 18 — TUNABLE TEST FIXTURE 


FIGURE 19 — PRINTED CIRCUIT BOARD LAYOUT 
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MRF571 
MRF572 
MRF573 


MRF571 
CASE 317-01, STYLE 2 


MRF572 
CASE 303-01, STYLE 1 


Se 


MRF573 
CASE 358-01, STYLE 1 


MAXIMUM RATINGS 


COO м ______| Symbot мари | MRF572 MRFSTS| Unit | 
“сӛсегетінегуәнре [мск | 9 | по | ш | ve | 
[cotlectorBase Мое — | veso | 20 | 20 | № | vee | 
emitter Bese Voltage | veo | 30 | ao | зо | vac | 


70 mAdc 


Total Device Dissipation 
@ Tc = 100°C(1) 0.75 
Derate above 100°C БВ š 
Storage Temperature Tstg —65to | —65to | —65 to 
+150 +200 +200 
(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 


HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 

(с = 0.1 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 

(Ic = 1.0 mAdc, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 

(IE = 50 uAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 8.0 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 300 — 
(с = 30 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(МСЕ = 8.0 Мрс, Ic = 50 mA, f = 1.0 GHz) 
Collector-Base Capacitance 

(Vcg = 6.0 Мас, ЈЕ = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Noise Figure 

5.0 mAdc, Vcg = 6.0 Vdc, f = .50 GHz) 


5.0 mAdc, VCE = 6.0 Vde, f = 1.0 GHz) 
(Ic = 5.0 mAdc, Vcg = 6.0 Мас, f = 2.0 GHz) MRF571 


(с = 5.0 mAdc, Vcg = 6.0 Vdc, f = 2.0 GHz) MRF572,573 


Gain @ Noise Figure 
(УСЕ = 6.0 Мас, Іс = 5.0 mAdc, f = .50 GHz) 
(се = 6.0 Мас, [С = 5.0 mAdc, f = 1.0 GHz) 
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FIGURE 1 — Cop, COLLECTOR-BASE CAPACITANCE 
versus VOLTAGE 


Сар, COLLECTOR-BASE CAPACITANCE, pF 


0 10 20 30 40 50 60 70 80 9 
Veb, COLLECTOR-BASE VOLTAGE (Vdc) 
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L| | | пема | 
S НИ ӨЙ ОН БЕ cJ. 


0 10 


FIGURE 3 — MRF571 — GAIN AT NOISE FIGURE AND 


NOISE FIGURE versus FREQUENCY 


FIGURE 2 — Сір, INPUT CAPACITANCE 
versus EMITTER BASE VOLTAGE 
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Beh наға 

L1 | | | | | from] | 

л a P P T U 
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VBE, BASE-EMITTER VOLTAGE (Vdc) 


FIGURE 4 — MRF572, MRF573 — GAIN AT NOISE FIGURE 
AND NOISE FIGURE versus FREQUENCY 


30 a NE 5.0 30 5.0 
8% | 0 85 40 
— ы -- 
5 85 Е 
E n 308 Е 20 308 
2 F Š 
шо = 
= не ш 
= 5 2835 208 
š = 5 Е = 
Фо w о 10 7 
g BIN T~ 
T ШЕШЕН 0 T ДОМЕ И : 
015 02 03 06 10 15 20 30 015 02 03 6 10 15 20 30 
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FIGURE 5 — MRF571, MRF572 and MRF573 — GAIN AT NOISE FIGURE 6 — fy, CURRENT GAIN-BANDWIDTH PRODUCT 
FIGURE AND NOISE FIGURE versus COLLECTOR CURRENT versus COLLECTOR CURRENT 
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FIGURE 7 — GA MAX, MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 


GA MAX, MAXIMUM AVAILABLE GAIN (dB) 


f, FREQUENCY (GHz) 


FIGURE 9 — MRF571 — Gymax and 5212 
versus FREQUENCY 


Gymax AND |521|2 GAIN (dB) 


“015 0.2 0.3 0.6 1.0 15 


f, FREQUENCY (GHz) 


FIGURE 8 — 1.0 dB COMPRESSION PT. 
AND THIRD ORDER INTERCEPT 


5 

= 
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FIGURE 10 — MRF572, MRF573 — Gymax and |521|2 
versus FREQUENCY 


Gymax AND |S24|2 GAIN (dB) 


015 02 0.3 0.6 1.0 15 20 3.0 
f, FREQUENCY (GHz) 
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MRF571 e MRF572 ® MRF573 


MRF571 MRF571 
INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD/REVERSE TRANSMISSION 
versus FREQUENCY (GHz) COEFFICIENTS versus FREQUENCY (GHz) 
ҮСЕ = 6.0 V, lc = 5.0 mA ҮСЕ = 6.0 V, lc = 5.0 mA 
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MRF571 ө MRF572 ө MRF573 


MRF572 MRF572 
INPUT/OUTPUT REFLECTION FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) versus FREQUENCY (GHz) 
ҮСЕ = 6.0 V, lc = 5.0 mA УСЕ = 6.0 V, Iç = 5.0 mA 
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MRF571 e MRF572 e MRF573 


MRF573 MRF573 
INPUT/OUTPUT REFLECTION FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) versus FREQUENCY (GHz) 
УсЕ = 6.0 V, Iç = 5.0 mA МСЕ = 6.0 V, Іс = 5.0 mA 
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MRF571 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


500 MHz 
— REGION OF INSTABILITY 


МСЕ = 6.0 V, Ic = 5.0 mA 


B) NF50 О (dB) 


МУСЕ = 6.0 V, Іс = 5.0 mA 
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MRF571 е MRF572 ө МНҒ573 


MRF572, MRF573 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


ҮСЕ = 6.0 V, | = 5.0 mA 


500 MHz 
— REGION OF INSTABILITY 


n 
[os | м | 15 [043257 | 
[к | Nor | 
[oss| 10 | 


МСЕ = 6.0 V, lc = 5.0 mA 
= 1.0 GHz 
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MRF571 e MRF572 ө MRF573 


MRF571 1.0 GHz TEST CIRCUIT 


RFC1 в. 
Увв О ) 


ЕЁ ЕВ RFC2 


а = м Усс 


ни Е |, A Bae. ит = E 


C1, C2, C6 560 pF Chip Capacitor 

C5, C7 0.018 Е Chip Capacitor 

C3, C8 0.1 „Е Mylar Capacitor 

C4, C9 1.0 „Е Electrolytic Capacitor 
R1 2.7 КО 


RFC1, RFC2 
21-29 

Bead 

Board Material 


MRF571 TEST CIRCUIT 


C2 Output 


VK-200, Ferroxcube 

Microstrip, See Photomaster 

Ferrite Bead, Ferroxcube 56-590-65/3B 
0.0625" Teflon Fiberglass ер = 2.5 + 0.05 
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MRF572, 573 1.0 GHz TEST FIXTURE 


AFG! FB. RI 24 27 ЕВ. ЕВ RFC2 
Увв 6) МЕ Го: = 468-565 Усс 
! | 
сз са C5 C6 | eal G7. C8 C9 C10 
| 
ТТ а LX ub dt 
== = = = = = 
— 1.27 =— - 267 Б 
cm cm 
RE 71 22 23 25 26 
Е АЕ 
Ne HI. H ШИН ү Тү c „ы 
C1 C2 
DUT 
C1, C2, C6, C7 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C8 0.018 „Е Chip Capacitor 21-27 Microstrip, See Photomaster 
C3, C9 0.1 ШЕ Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C10 1.0 „Е Electrolytic Capacitor Board Material 0.031" Teflon Fiberglass ер = 2.5 + 0.05 


R1 2.7 ко 


MRF572, 573 TEST CIRCUIT 
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MRF571 е MRF572 ө MRF573 


PHOTOMASTER OF MRF571 CIRCUIT LAYOUT 


PHOTOMASTER OF MRF572, 573 CIRCUIT LAYOUT 


кетет, 


MRF572- 573 
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MRF580 
MRF581 


CASE 317A-01, STYLE 2 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Rating Symbol 


| MRF581 | 
EU WEE UD =] 405 мыс. 
36 | мас 
K ign seg Ев 25 | Vdc 
20 | mAdc 


Total Device Dissipation 
@ Tc = 50°C(1) 


CASE 317-01, STYLE 2 


>e 


Derate above Tc = 50°C пууес 
Operating and Storage Junction Top Tstg — 65 to —65 to 
RE or 1 HIGH FREQUENCY TRANSISTOR 
(1) Case temperature measured on collector lead immediately adjacent to body of NPN SILICON 
package. 


ELECTRICAL CHARACTERISTICS (TA - 25'C unless otherwise noted.) 


| Characteriste бы | Ма | Te | Mex | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(С = 1.0 тАдс, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 тАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 0.10 mAdc, Ic = 0) 

Collector Cutoff Current 


(Vcg = 15 Vdc, ЈЕ = 0) 


Emitter Cutoff Current 
(МСЕ = 2.0 Мас, ҮЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 75 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure MRF580/581 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Power Gain at Optimum Noise Figure MRF580 
(Ic = 50 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Power Gain at Optimum Noise Figure MRF581 
(С = 50 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Maximum Available Power Gain MRF580(2) 
(с = 75 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
Maximum Available Power Gain MRF581(2) 
(с = 75 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
Intermodulation Distortion MRF581(3) 
(МСЕ = 10 V, lc = 75 mA, Vout = +50 dBmV) Figure 16 
(1) 300 us pulse on Tektronix 576 or equivalent. 


(2) Characterized on HP8542 Automatic Network Analyzer. 
(3) 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. 
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MRF580 e MRF581 


FIGURE 1 — Cjp INPUT CAPACITANCE versus VOLTAGE 


10 
E 


152 == 
м] 
E 6.0 өш mm 
Ва БЕ 
а шара 
Blu pc ЕЗГЕ 
it tt ЕЈ шм 
| M m tease (VOLTS) » 
FIGURE 2 — Ccb, Cop COLLECTOR-BASE CAPACITANCE FIGURE 3 — GAIN-BANDWIDTH PRODUCT 
versus VOLTAGE versus COLLECTOR CURRENT 


TEM E adii DRE RR е 
ПР А ИВЕ ЕСШЕ 


C, CAPACITANCE, (pF) 


fr, GAIN-BANDWIDTH PRODUCT (GHz) 


. 0 100 120 140 
Veb. COLLECTOR-BASE VOLTAGE (VOLTS) іс, COLLECTOR CURRENT (mA) 


FIGURE 4 — 2ND AND 3RD ORDER INTERCEPT POINTS 


alic LE LT 
Е ШШШ P RR ЕШ 
[| Гон | || 
wass 


Pout, OUTPUT POWER (dBm) 


чиш 
РЕГИОНЕ 


+0 +0 +30 +40 +50 +60 +70 +80 
Pin, INPUT POWER (dBm) 
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MRF580 e MRF581 


FIGURE 6 — GA max, MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 


= 
= 
= 
< 
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MRF580 TYPICAL PERFORMANCE 


FIGURE 5 — Gy max-MAXIMUM UNILATERAL GAIN, 
|521|2 versus FREQUENCY 


АЕ TOM 
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HUE 
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Сме, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


^ f, FREQUENCY (GHz) f 


SMALL-SIGNAL DEVICES 


Gyr, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


FIGURE 8 — NOISE FIGURE AND GAIN ASSOCIATED WITH 
NOISE FIGURE versus COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (mA) 
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FIGURE 7 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus FREQUENCY 


NOISE FIGURE (dB) 


1.0 
пей T" 


NOISE FIGURE (dB) 
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FIGURE 9 — MRF580 COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY УСЕ = 10V lc = 50 тА COEFFICIENTS versus FREQUENCY 
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MRF580 e MRF581 


GAIN (dB) 


Gyr, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


OUTPUT POWER (WATTS) 


MRF581 TYPICAL PERFORMANCE 


FIGURE 10 — Gy max — MAXIMUM UNILATERAL GAIN, 
|521|2 versus FREQUENCY 


ТИ ТШ 
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FIGURE 12 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus FREQUENCY 


f, FREQUENCY (GHz) 


FIGURE 14 — OUTPUT POWER versus INPUT POWER 
f = 470 MHz 
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FIGURE 11 — GA max, MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 
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FIGURE 13 — NOISE FIGURE AND GAIN ASSOCIATED WITH 


NOISE FIGURE (dB) 
Сме, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 
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NOISE FIGURE versus COLLECTOR CURRENT 


НАТА 
ДАДА 


NOISE FIGURE, (dB) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 15 — OUTPUT POWER versus INPUT POWER 
f = 870 MHz 
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INPUT POWER (mW) 
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MRF580 e MRF581 
FIGURE 16 — MRF581 COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY УСЕ = 10 V,lc = 50 тА COEFFICIENTS versus FREQUENCY 


+1500 


180° 
10 


00 


-150° 


= 
S21 512 522 
4— T-—— —— — 

¿o | 512 -ф 522 ¿o 

93 0.06 39 0.34 - 129 

82 0.07 47 0.29 - 142 

62 0.12 60 0.27 - 165 

50 017 | е 0.33 -172 
93 0.05 45 0.38 -144 

82 0.07 53 0.34 -157 

65 0.13 62 0.33 179 

53 018 | вт | 037 | “зз 

7 92 0.05 48 0.40 - 148 
82 0.07 55 0.36 -161 

| 65 0.13 63 0.35 176 

Ë р 53 | 0.19 61 0.39 70 | 

; 92 0.05 48 0.40 151 
82 0.07 56 0.37 - 163 

65 0.13 63 0.362 175 

| 5 0.19 а. 6& | 039 168 

95 0.05 40 0.29 -106 

| 82 0.07 48 0.23 116 

| 64 0.11 61 0.19 -141 

| 50 016 | 8&4 | 025 - 153 

94 0.05 46 0.30 - 126 

82 0.07 54 0.24 -138 

65 0.12 63 0.22 - 164 

52 0.17 63 0.27 - 171 

93 0.05 48 0.30 - 132 

82 0.07 55 0.25 - 145 

65 0.12 64 0.23 - 170 

53 0.17 63 | 0.27 - 176 

93 0.05 49 0.30 -134 

в2 0.07 56 0.25 -147 

65 0.12 64 0.23 -172 

52 0.17 63 0.27 -17 

очна 

95 0.05 40 0.28 -92 

82 0.06 48 0.21 _ 98 

63 0.10 62 0.17 - 119 

49 0.16 65 0.24 - 137 

94 0.0 46 0.26 = 112 

82 0.06 54 0.20 -122 

65 0.11 64 0.16 -148 

51 0.16 64 0.22 -157 

өз 0.05 47 0.25 -117 

82 0.06 55 0.20 128 

65 0.11 65 0.16 -154 

51 0.16 64 0.22 - 162 

93 0.05 48 0.25 -117 

82 0.6 56 0.19 - 129 

64 0.11 65 0.16 — 154 

51 0.16 64 0.21 — 160 
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MRF580 e MRF581 


FIGURE 17 — MRF581 CONSTANT GAIN CONTOURS NOISE FIGURE CONTOURS 


-j50 Vcg = 10V, 


= [= А, ЕЕ 
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Circuit Per Figure 20 


FIGURE 18 — FUNCTIONAL CIRCUIT SCHEMATIC 


RF Output 
RF Input 


Bias Slug Tuner 
Tee 
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FIGURE 19 — Zi, AND 201 versus COLLECTOR VOLTAGE, INPUT POWER AND FREQUENCY 


75 


9.8 - j12.0 


14.2 — ma 


L— e e | m | 
| 86 | 76-08 | 77:08 | 
|% | бозиз | 


103, — ma 


27.0 — j5.0 


16.4 — j22.7 22.3 — j34.0 
Па) 18.4 — j19.2 25.1 — j28.1 


5.9 + j2.5 24 = 171 


30.8 — j26.3 
30.4 — j26.0 


24.5 — j20.4 


*ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


C3, C4 
C5, C6 
C7, C8 
C9 


C10 


FIGURE 20 — MRF580/581 TEST FIXTURE SCHEMATIC 


470 pF Chip (Ceramic) 

0.018 uF Chip Capacitor 

0.1 ШЕ Mylar 

1.0 „Е, 25 Мас Electrolytic 

91 pF Mini-Unelco (C9 Taped 3.68 cm from 
Collector Connection on TL4 as shown) 

35-45 pF Johanson Ceramic Capacitor, JMC 

5801 or Equivalent (C10 Taped 3.12 cm from 

Base Connection on TL1) 


MOTOROLA SEMICONDUCTORS 


500 MHz 


R1 — 2.7 КО, 1% W 

RFC1 — 0.15 uH Molded Choke 

TL1, TL2 — Zo = 26 0, 0.0625 TFG as shown in 
Photomaster 

TL3, TL4 — А4 Microstrip, 20 = 100 2 

Y1, Y2 — N-Type Connection (Female) 

Y3, Y4 — BNC-Type Connector (Female) 


Board Material — 0.0625" Thick Glass Teflon єр = 
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FIGURE 21 — PC BOARD PHOTOMASTER 
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MRF604 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 


аяк M | veo | < | мж | 
de 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C мес 


Storage Temperature —65 to +200 "C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 5.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(с = 100 „Adc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 „Adc, Ic = 0) 


Collector Cutoff Current ІСЕО 
(УСЕ = 12 Vdc, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 20 80 200 
(Ic = 50 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 50 mAdc, Vcg = 10 Мас, f = 200 MHz) 


Output Capacitance 
(Vcg = 12.5 Vdc, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 


Series Equivalent Input Impedance 
(Усс = 12.5 Мас, Pout = 1.0 W, f = 175 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 
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MRF604 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


cs 
о—© + 
| I c6 12.5 Vdc 


C1,C2,C3,C4 3.0-30 pF 
1000 pF 
0.01 uF 
2 Turns, #16 AWG, 3/16" I.D., 1/4” Long 
0.15 ИН, MOLDED CHOKE 
4 Turns, #16 AWG, 3/8" 1.0., 3/8” Long 
100 £2, 1/4 W, 10% 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — CURRENT-GAIN BANDWIDTH PRODUCT 
2000 


Vcc = 12.5 Мас 
{= 175 MHz 


Pout. QUTPUT POWER (WATTS) 


fT, CURRENT GAIN BANDWIDTH PRODUCT (MHz) 
© 
s 


Pin. INPUT POWER (mW) 1С. COLLECTOR CURRENT (mA) 


FIGURE 4 — OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 


Cob, OUTPUT CAPACITANCE (pF) 


Vcg. COLLECTOR BASE VOLTAGE (VOLTS) 
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MRF607 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[Rag [ты | Мне | Unit | 
Vdc 


16 
Collector-Base Voltage VcBO | 3 | 
Emitter-Base Voltage VEBO 4.0 
di 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous | с | оз | Ade | 
Total Device Dissipation @ Tc = 75°C(1) Watts 
Derate above 75°C mW/°C 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Svmbo | Min | Mex | Unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 25 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage 


(Ic = 25 mAdc, УВЕ = 0) 


Emitter-Base Breakdown Voltage 
ЧЕ = 0.5 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 10 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 50 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo = pF 
(Усв = 12 Мас, ЈЕ = 0, = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1.75 W, Усс = 12.5 Мас, f = 175 MHz) 


OFF CHARACTERISTICS 


Collector Efficiency 7 % 
(Pout = 1.75 W, Vcc = 12.5 Vde, f = 175 MHz) 
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FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


Output 


2.7-15 pF, ARCO 461 1 Turn #20 AWG, 3/8" ID 

9.0-180 pF, ARCO 463 3 Turns #20 AWG, 3/8" ID 

5.0-80 pF, ARCO 462 0.22 ин Molded Choke 

1000 pF UNELCO 0.15 uH Molded Choke 

5 uF, 25 Vdc, TANTALUM with FERROXCUBE 
56-590-65-3B Bead on 
ground lead 


TYPICAL PERFORMANCE DATA 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Pout, OUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 


0 50 100 150 200 250 300 350 400 450 500 
1, FREQUENCY (MHz) Pin, INPUT POWER (mW) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE PARAMETERS 
| са: 
Е vi 
< + я 
š 220 в 
= #. /25 < = V 
= 30 i. Sout. 
5 E — 20 |-- 60-180 20-j30- 
Е | 1= 175 MHz / >. РА poe uN а 
Е Pin = 150 mW | 40 ы E 52 
š | Pe Жк е E SO зү т. Ц 
e | |50 Ld “60чу йолын. УЕ: 
| oe tM Дан ЧИ. же о >” [ 1 
50 60 70 80 90 10 ІП 12 B 14 15 \ ê ы Z. 2h с x сы БАРЫ АКГ 
Усс, SUPPLY VOLTAGE (VOLTS) я TAA SEP | 
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MRF626 
MRF627 


MRF626 
CASE 305-01, STYLE 1 


MAXIMUM RATINGS 
Collector-Emitter Voltage 


Collector-Base Voltage 


MRF627 Emitter-Base Voltage 


CASE 3054-01, STYLE 1 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature —65 to +200°C 


THERMAL CHARACTERISTICS 


HIGH FREQUENCY TRANSISTOR Symbol Max Unit 


NPN SILICON Thermal Resistance, Junction to Case Вејс 28.5 °C/W 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit | 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 мАас, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 — 


(Е = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current ІСЕО 
(Усе = 12 Vdc, lg = 0) 


Emitter Cutoff Current 
(УВЕ = 3.5 Мас, Іс = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(с = 50 mAdc, Vcg = 10 Мас) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(ІС = 50 mAdc, Vcg = 12.5 Мас, f = 200 MHz) 
(Ic = 100 mAdc, Vcg = 12.5 Vdc, f = 200 MHz) 
(Ic = 150 mAdc, Vcg = 12.5 Мас, f = 200 MHz) 

Output Capacitance 
(Vcg = 12.5 Мас, lg = 0, f = 1.0 MHz) 
Input Capacitance 
(УВЕ = 1.0 Мас, Ic = 0, f = 1.0 MHz) 
FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Pout = 0.5 W, f = 470 MHz) 


OFF CHARACTERISTICS 


V(BR)CEO 


ии 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 0.5 W, f = 470 MHz) 


Series Equivalent Input Impedance 6.0 — ј4.0 
(Мсс = 12.5 Мас, Pout = 0.5 М, f = 470 MHz) 
Series Equivalent Output Impedance Zout 

(Усс = 12.5 Мас, Рош = 0.5 W, f = 470 MHz) 
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FIGURE 2 — OUTPUT CAPACITANCE versus 
FIGURE 1 — OUTPUT POWER versus INPUT POWER COLLECTOR BASE VOLTAGE 


f =470 MHz 
Усс = 12.5 Vdc 


Pout, OUTPUT POWER (mW) 


Cop, OUTPUT CAPACITANCE (pF) 


0 10 20 9 40 9 60 70 80 930 100 à 
Pin, INPUT POWER (mW) Усв, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 3 — 470 MHz TEST CIRCUIT SCHEMATIC 
ce L3 с? 


RF 


Output 
RF 
Input 
C1,C2 — 1.0-25 pF ARCO 421 L3 – Choke FERROXCUBE VK 200-20-48 Z3 — Microstrip Line, 0.50" W x 1.00" L 
C3,C4 — 1.0-25 pF ARCO 421 R1-— 1 Ohm, 1/2 W Carbon Board-Glass Teflon, 3” x 5" x 0.060” 
cs - 1.0 uF, 35 V Capacitor 21- Microstrip Line, 0.25" W x 1.75 "L Mounting Plate is 3" x 5" x 0.75" 
C6,C7 — 1000pF Feedthru 22 - Microstrip Line, 0.25" W x 2.00" L Input/Output Connectors — Type N 


L1,L2 — 7 Turns, #22 AWG, 0.27 I.D. 


FIGURE 4 — 470 MHz TEST CIRCUIT LAYOUT 


RF Input RF Output 


0.220 Dia. 


VAR ZZ X Z PAPAS РАГА LV AF AP Xy URP АР, 
[227 77 ILA LAL LT PALA LLL LEELA 
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FIGURE 5 — TYPICAL 511 and S25 versus FREQUENCY 
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TYPICAL 521 versus FREQUENCY 


FIGURE7 


FIGURE 6 — TYPICAL 512 versus FREQUENCY 
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CASE 249-05, STYLE 1 


MAXIMUM RATINGS 


| іе — | Symbo Vawe | Unit | 
Collector-Emitter Voltage Veco | 16 | мас 
Collector-Base Voltage VCBO | № | Мас 


Emitter-Base Voltage VEBO 


Collector Current — Continuous | с | 20 | 
Total Device Dissipation (v Tc = 25°C 3.0 
Derate above 25°C 17.2 


Storage Temperature —65 to +200 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


x Characteristie — — À à— | Symb | ма | тур | Mex | Uni | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(с = 20 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage(1) V(BR)CES Vdc 
(с = 20 mAdc, Мве = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 20 тАдс, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 5.0 тАдс, Ic = 0) 

Collector Cutoff Current ІСВО 
(св = 15 Мас, Іс = 0) 

Collector Cutoff Current ІСЕ5 mAdc 
(МСЕ = 15 Мас, Мве = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hrE 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURES 5 AND 6) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Pout = 0.5 W, Ic(max) = 80 mAdc, f = 470 MHz) 


Collector Efficiency 
(Усс = 12.5 Мас, Pout = 0.5 W, Іс(тах) = 80 mAdc, f = 470 MHz) 


(1) Pulsed thru 25 mH inductor. 
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FIGURE 1 — SERIES EQUIVALENT 
IMPEDANCE PARAMETERS 


Рош = 0.5 W 
Ұсс-12.5У 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Vec = 125 V 
f= 470 MHz 


20 40 6 80 100 120 144 160 180 200 
Pin, INPUT POWER (mW) 


FIGURE 4 — OUTPUT POWER versus VOLTAGE 


50 60 70 80 90 10 и 12 13 14 15 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — 470 MHz TEST CIRCUIT 
*125 Мас 
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RF OUTPUT 


VA AP AP P AP P AU Lh khk LLL LLL ZZ P 50 AP 
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FIGURE 6 — 470 MHz TEST CIRCUIT SCHEMATIC 


cs L3 C6 


* 


12.5 Vdc 


RF 
OUTPUT 
RF 
INPUT 
C1,22,34 1.0-25 pF ARCO 421 OR EQUIVALENT BOARD-GLASS TEFLON, eg = 2.56, t = 0.062 
C5,6 1000 pF FEEDTHRU CAPACITOR MOUNTING PLATE - 3" x 5" x 0.060" 
c7 1.0 „Е, 35 V CAPACITOR INPUT/OUTPUT CONNECTORS - TYPE N 
11,2 7 TURNS =22 AWG, 0.2" 1.0. 
FERRITE BEADS FERRO XCUBE 
56-590-65-38 AS SHOWN ON L1 
L3 1-CHOKE FERROXCUBE УК-200-20-48 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


______ во S Syme | Vae | Unit | 
VcEO 16 Vdc 
Мас 
Emitter-Base Voltage 


Collector Current — Continuous | к | 40 | ma | 
Total Device Dissipation @ Tc = 25°C aL ME | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Me | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(с = 50 mAdc, lg = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 50 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Е = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(Vcg = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 20 200 
(с = 100 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Мас, |р = 0, = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 2.0 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 2.0 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


RF Input 


C1,C5 — 1.5-20 pF, ARCO 402 1.0 uF TANTALUM 

C2,C6 — 1-10 pF, JOHANSON 2951 Copper Strap, 1°’ Length x 0.125" 
сз — 15 pF, UNELCO Width x 0.005" Thickness, x 2.54 ст 
C4 — 25 pF, UNELCO L3 — 3.3 uH Molded Choke 

c? — 8.0-60 pF, ARCO 404 L4 — 0.15 ин Molded Choke 

св — 100 pF, UNELCO BEAD — FERROXCUBE 56-590-65-3B 

c9 – 0.047 uF ERIE Disc Cap 100 V INPUT/OUTPUT CONNECTORS — Type BNC 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


| іе | Symbol | Value | 
Collector-Emitter Voltage VCEO | 16 | 


| Emitter-Base Voltage [| Veso | 40 | 
1.0 
Total Device Dissipation @ Тс = 25°C ка 8.75 
Derate above 25°С 50 


THERMAL CHARACTERISTICS 


| Characteristic — | Symbol | Ма | Ший | 
Thermal Resistance, Junction to Case | Rac | 20 | °w | 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | ми | тур | мах | Ши | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 50 таАдс, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(с = 50 mAdc, МВЕ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current ICES 1.0 mAdc 


(VcE = 12.5 Vdc, УВЕ = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 20 60 
(с = 100 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Мас, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Poyt = 3.0 W, f = 470 MHz) 


OFF CHARACTERISTICS 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 3.0 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


RF 
Output 


RF Input 


C1, C7 — 15 - 20 pF Johanson L1, L2 — Copper Strap, 1" Length х 0.225 Width х 0.005” Thickness 
C2, C6 — 1 - 10 pF Johanson L3 — 0.33 4H Molded Choke 

C3, C4 — 27 pF Mini-Unelco L4 — 0.12 4H Molded Choke 

C8 — 250 pF Unelco L5 — 1.2 uH Molded Choke 

C9 — 0.047 uF Erie Disc Cap 10 V В1 — 100), 124 МУ 

C10 — 1.0 „Е Electrolytic 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
5.0 
- кән [| Pin = 400 mw 
= z — | a 
ЕЗ 5 
Е = ЕЕ 
š = ЕЕ 
5 5 
= Ë 2 "sii 
= e 
Š Е 
du 


Pin, INPUT POWER (W) f. FREQUENCY (MHz) 


FIGURE 4 — POWER OUT versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


Рош. POWER OUTPUT (W) 


0 
во 70 во 90 10 Тр 12 ‘135 И 6 
Vec. SUPPLY VOLTAGE (VOLTS) 
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Рош. OUTPUT POWER (WATTS) 


Input 


C1, СБ — 43 pF Mini-Unelco 
C2 — 10 pF Mini-Unelco 
C3 — 18 pF Mini-Unelco 
C4 — 27 pF Mini-Unelco 


C6 — 6.8 pF Mini-Unelco 
| 


FIGURE 6 — OUTPUT POWER versus FREQUENCY, 
BROADBAND CIRCUIT 


] Vec = 12.5 Мас 4 


ВЕСЗ TL2 Со 
TL1 ^ — | 
DUT 


Ë 
INPUT VSWR 
@ 300 mW Pin 


f, FREQUENCY (MHz) 


FIGURE 7 — MRF630 BROADBAND CIRCUIT 
420-520 MHz 


< *12.5 Vdc 


Bead RFC1 


wt bus 1 
Ша 


Output 


T c3 T == са C6 
C7 — 220 pF Ceramic Chip 
C8 — 01 mF R1 — 12 17/174 W 

C9 — 10 mF Tantalum TL1 — Transmission Line 0 166” х 1.85" (WXL) 
RFC1 — 0 47 uH Molded Choke TL2 — Transmission Line 0.166” х 1.77" (WXL) 


RFC2 — 1 0 uH Molded Choke Board Material — 2 oz 0.0625" TFG 


RFC3 — ОЗ uH Molded Choke 


FIGURE 8 — BROADBAND CIRCUIT 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 


[Coeorsee Vote — | veso [№ | 
| EmiterBase Vote — veso | 36 | 


Collector Current — Continuous 


HIGH FREQUENCY TRANSISTOR 


Total Device Dissipation (v Tc — 2 
NPN SILICON 


Derate above 25°C 


Storage Temperature 


THERMAL CHARACTERISTICS 


| Characteristic || Symbol | | Max | Unit | 
Thermal Resistance, Junction to Ambient АЈА | 30 | 


ELECTRICAL CHARACTERISTICS (Тд = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current 


(VcB = 15 Vdc, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hrE 
(Ic = 5.0 mAdc, Vcg = 5.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 15 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


Noise Figure 
(с = 5.0 mAdc, Vcg = 6.0 Мас, f = 1.0 GHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 6.0 Мас, Іс = 5.0 mA, f = 1.0 GHz) 


Third Order Intercept 
(с = 5.0 mAdc, VcE = 6.0 Vdc, f = 0.9 GHz) 
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FIGURE 1 — 1.0 GHz TEST CIRCUIT SCHEMATIC 


Vec = 6.0 Vde 


RF Output 
RF Input 


FIGURE 2 — MAXIMUM UNILATERAL GAIN 
versus FREQUENCY 


Gy(max). MAXIMUM UNILATERAL GAIN (dB) 


f FREQUENCY (GHz) | 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT FIGURE 4 — NOISE FIGURE versus FREQUENCY 
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FIGURE 5 — NOISE FIGURE versus COLLECTOR CURRENT 
24 


f = 1066; 
Vec = 6.0 Volts 


2.2 


NF, NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 — С max versus FREQUENCY 
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FIGURE 6— OUTPUT POWER versus INPUT POWER 


mi Усс = 10 Volts 
f =1.0GHz | p] Le 


Pout, OUTPUT POWER (dBm) 
+ D ' 


0 
45 -40 -35 -0 55 -20 -5 -0 -50 0 +50 
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FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 


b, COLLECTOR-BASE CAPACITANCE (pF) 


Усв, COLLECTOR-BASE VOLTAGE (Volts) 


TABLE | — $11 


FREQUENCY (MHz) 200 BLAME | = dE жағын ән 


65 


10 Volts 
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TABLE II — 521 
FREQUENCY (MH) mo | = J t [| 1% | 


FREQUENCY (MHz) 
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TABLE IV — S22 


FREQUENCY (MHz) 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
|______ њиме 0 | Symbol | 
| Collector-Base Voltage | Усво 25 | № | 

Emitter-Base Voltage | Мево | 39 | 
| Collector Current—Continuous | | ос | з | mad | 
Total Device Dissipation @ TA = 25°C ЕЛЕ ЧЕЧ 

Derate above 25°C mW/°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol Min Тур | Max | Unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO — Vdc 

(Ic = 1.0 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 25 — — Vdc 

(Ic = 0.1 тАдс, ЈЕ = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

ЧЕ = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current IcBO — -- 50 nAdc 
(Vcg = 15 Vdc, lg = 0) 
ON CHARACTERISTICS 


DC Current Gain ПЕЕ 30 — 200 
(Ic = 5.0 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(с = 15 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 
Collector-Base Capacitance 

(Vcg = 10 Мас, lg = 0, = 1.0 MHz) 


Noise Figure 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 
(Ic = 5.0 mAdc, Vcg = 6.0 Мас, f = 1.0 GHz) 


FUNCTIONAL TEST 


Maximum Available Power(1) 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 


OFF CHARACTERISTICS 


(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 GHz) 


(1)G = — s 
max (q 151112) (1 –1522]2) 
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FIGURE 1 — NOISE FIGURE versus FREQUENCY 


VcE = 6.0 Мас 
ІС = 5.0 mAdc 


NF, NOISE FIGURE (dB) 


f, FREQUENCY, (GHz) 


FIGURE 3 — COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 
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Ceb, COLLECTOR-BASE CAPACITANCE (pF) 
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FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT 


fT. CURRENT-GAIN - BANDWIDTH PRODUCT (GHz) 
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SMALL-SIGNAL DEVICES 


FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 
40 


NF, NOISE FIGURE (dB) 
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Іс. COLLECTOR CURRENT (mAdc) 


FIGURE 4 — UNILATERALIZED GAIN (С тах) versus 
FREQUENCY 
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FIGURE 6 — INTERMODULATION DISTORTION versus 
COLLECTOR CURRENT 
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TABLE 1 — $41 PARAMETERS 
Frequency (MHz) 


Vcc 
(Volts) 


Frequency (MHz) 


Vcc 
(Volts) 
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TABLE 3 — $42 PARAMETERS 
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CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 
[ Rating | Symbot | value | Unit | 
| Collector-émitter Voltage | МЮ | 20 | № | 
[ColectorBase Voltage — — — | vco | % | № | 
Сото ана сивата 


Collector Current — Continuous 

Total Device Dissipation @ Tc = 100°C = 
Derate above 100°C mW/°C 
Storage Temperature —65 to +200 | < | 

NPN SILICON THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Case | Rac | 25 | см | 


RF OSCILLATOR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|2 тебе | Symbo | ма | тур | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ів = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(с = 0.1 mAdc, lg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 Vdc 
ЧЕ = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current IcBO -- — mAdc 
(Vcg = 20 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 60 
(Ic = 100 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Iç = 100 mAdc, Vcg = 10 Мас, f = 200 MHz) 


Output Capacitance 
(Усв = 20 Мас, lp = 0, = 1.0 MHz) 


FUNCTIONAL TEST 
Common-Collector Oscillator Output Power (Figure 1) 


(МЕ = -20 Мас, |с = 110 mAdc, f = 1.68 GHz) 
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FIGURE 1 — 1.68 GHz OSCILLATOR TEST CIRCUIT SCHEMATIC 


1.0 uF, 35 Мас TANTALUM 47 Ohms, 1/4 Watt 

0.1 uF Ceramic Disk 510 Ohms, 1/4 Watt 

680 pF Feedthru 1.5 kQ, 1/4 Watt 

0.4-6.0 pF JOHANSON 5 Turns, #22 AWG, 0.125” 1.0. 
#20 AWG, 0.4 Length. 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 


Г мы | E 


Total Device Dissipation @ Тү = 50°C 
Derate above 50°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


[Characteristic _____ Sym | мә | Um | 
Thermal Resistance, Junction to Lead RaJL | 250 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ Max Unit 


OFF CHARACTERISTICS 


V(BR)CEO 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 тАабс, Ів = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 тАдс, Ip = 0) 


Vdc 


Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current (сво 225 
(Vcg = 15 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain ПЕЕ 30 
(с = 30 mAdc, Vcg = 10 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 30 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


(с = 5.0 mAdc, Vcg = 10 Мас, f = 2.0 GHz) 


Maximum Available Power Gain(1) 
(Ic = 30 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 
(Ic = 30 mAdc, Vcg = 10 Мас, f = 2.0 GHz) 


(1) Gmax = — oe 
max (1 =|S44/4) (1 –1522]2) 
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FIGURE 1 — POWER DERATING 
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FIGURE 5 — $22 PARAMETERS 
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CASE 303-01, STYLE 1 


MAXIMUM RATINGS 


| 12 | ме 


Total Device Dissipation @ Тс = 75°C mW 
Derate above 75°C m 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ШЕТІН 
ШЕТЕН 
ЕТТЕ 
БЕСІН 


°C 


THERMAL CHARACTERISTICS 


[Characteristic — | Symbol | мә | Ume | 
Thermal Resistance, Junction to Case | Rac | 25 | 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


[Characteristic | Symb! | min | тур | Mex | Uni | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 1.0 mAdc, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 0.1 mAdc, lg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 тАдс, Ic = 0) 


Collector Cutoff Current (сво 
(Vcg = 15 Мас, |с = 0) 


ON CHARACTERISTICS 


DC Current Gain hrE 
(с = 30 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(Ic = 5.0 mAdc, Vcg = 10 Мас, = 1.0 GHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 


(Ic = 5.0 mAdc, Vcg = 10 Мас, = 1.0 GHz) 


(с = 5.0 mAdc, Vcg = 10 Vdc, f = 2.0 GHz) 


Maximum Available Power Gain(1) 
(Ic = 30 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 
(с = 30 mAdc, Vcg = 10 Vdc, f = 2.0 GHz) 


(0G - — жала 
max (4 —|S412 (1 -15222) 
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FIGURE 1 — POWER DERATING 
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versus FREQUENCY versus COLLECTOR CURRENT 


f= 1.0GHz 
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FIGURE 5 — 522 PARAMETERS 
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FIGURE 6 — 521 PARAMETERS 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Peak 


Total Device Dissipation @ TA = 75°C 
Derate above 75°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


VCBO 20 Vdc 
Ic 40 mAdc 

Pp 200 mW 
1.6 mW/°C 


Symbol 


Storage Temperature Tstg —65 to +200 °C 


Max Unit 
RaJA 625 °C/W 
amb [ww [zm | we | mw. 


(Ic = 1.0 тАдс, Ів = 0) 


Collector-Base Breakdown Voltage 
(с = 0.1 mAdc, ЈЕ = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


= ЛИ ad е 
V(BR)CBO 20 
V(BR)EBO 3.0 — 


Collector Cutoff Current 
(Усв = 15 Мас, lg = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 20 mAdc, Vcg = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(с = 20 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 


Collector-Base Capacitance 


(Усв = 10 Мас, lg = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Noise Figure 
(с = 5.0 mAdc, УСЕ = 10 Мас, f 
(Ic = 5.0 mAdc, УСЕ = 10 Мас, f 


Power Gain at Optimum Noise Figure 


0.5 GHz) 
1.0 GHz) 


(с = 5.0 mAdc, Мсе = 10 Мас, f = 0.5 GHz) 
(с = 5.0 mAdc, Vcg = 10 Мас, f = 1.0 GHz) 


Maximum Available Power Gain(1) 
(с = 20 mAdc, Vcg = 10 Мас, f = 0.5 GHz) 
(Ic = 20 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 


(1) Gmax = — -— 
max ^(1 –|511[2) (1 —|S22l4) 
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SMALL-SIGNAL DEVICES 


MRF914 


FIGURE 1 — POWER DERATING 


Pp, POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY versus COLLECTOR CURRENT 
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FIGURE 5 — $22 PARAMETERS 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ TA = 100°C 
Derate above 100°C 


Storage Temperature —65 to +150 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Маа | Unit | 
Thermal Resistance, Junction to Ambient | Raa | 50 | cw | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


| Characteristie | Symbo | ма | тур | мах | ums | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 0.1 мАас, Ів = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(с = 0.01 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Е = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ІСВО 

(Усв = 5.0 Мас, ЈЕ = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(с = 0.25 mAdc, Vcg = 1.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IE = 1.0 mAdc, Vcg = 1.0 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 

(Усв = 1.0 Мас, lp = 0, = 1.0 MHz) 
FUNCTIONAL TEST 
Noise Figure 


ЧЕ = 0.25 mAdc, Vcg = 1.0 Мас, f = 0.5 GHz) 
ЧЕ = 0.25 mAdc, VcE = 1.0 Мас, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(IE = 0.25 mAdc, VcE = 1.0 Vde, f = 0.5 GHz) 


ЧЕ = 0.25 mAdc, Vcg = 1.0 Мас, f = 1.0 GHz) 


Transducer Power Gain 
ЧЕ = 0.5 mAdc, Vcg = 1.0 Мас, f = 0.5 GHz) 
ЧЕ = 0.5 mAdc, Vcg = 1.0 Мас, f = 1.0 GHz) 
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heu 


Gy, TRANSDUCER POWER GAIN (dB) 


MRF931 


Pp. TOTAL DEVICE DISSIPATION (mW) 


FIGURE 2 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 


NX 


Vce = 1.0 Vde 
lg = 250 uAdc 


f, FREQUENCY (GHz) 


MOTOROLA SEMICONDUCTORS 


FIGURE 1 — POWER DERATING 


62.5 4 
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Тд, AMBIENT TEMPERATURE (°C) 


NF, NOISE FIGURE (dB) 
Gy, TRANSDUCER POWER GAIN (dB) 


7-232 


FIGURE 3 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus EMITTER CURRENT 
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SMALL-SIGNAL DEVICES 


MRF966 
MRF967 


MAXIMUM RATINGS 


[Rating | Symbot | meroes | MRF967 | Unit | 
[Drain-Source Voltage | Vos | | то | vé | 


Gate-Source Voltage — Reverse VG1S -8.0 -8.0 Мас 
-8.0 -8.0 

Gate-Source Voltage — Forward VG1S +1.0 +1.0 Vdc 
VG2s +1.0 +1.0 


[Drain Current — — | ip | 60 | 6 | mad 
Total Device Dissipation 
@ TA = 25°С 350 mW 
Derate above 25°C 3.5 mW/^/C 
Junction Temperature Range TJ — 65 to — 65 to °С 
+125 +125 
Storage Channel Temperature Tstg - 65 to - 65 to °C 
Range +125 +125 


CASE 317-01, STYLE 1 


ж 


DUAL GATE 


GaAs FET 
N-CHANNEL 


CASE 358-01, STYLE 2 


DUAL GATE 


Handling and Packaging — MES devices are susceptible to damage from electrostatic GaAs FET 
charge. Reasonable precautions in handling and packaging MES devices should be N-CHANNEL 
observed. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Symbo | Min | Typ | Mex | Uni | 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(Ус1$ = VG2s = -4.0 Мас, lp = 100 uA) 

Gate 1 Leakage Current pAdc 
(VGis = -5.0 Мас, VG2s = Vps = 0) 

Gate 2 Leakage Current иАдс 
(VG2s = -5.0 Мас, Ус15 = Vps = 0) 

Gate 1 to Source Cutoff Voltage VG1S(off) Vdc 
(Vps = 5.0 Vdc, VG2s = 0) 

Gate 2 to Source Cutoff Voltage VG2S\(off) Vde 
(Vps = 5.0 Мас, Уб 15 = 0) 

ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 5.0 Мас, Уб15 = VG2s = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 5.0 Мас, Va2s = 0, Ip = 10 mA, f = 1.0 kHz) 


Input Capacitance 


(Vps = 5.0 Мас, VG2s = 0,16 = 10 mA, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 5.0 Мас, VG2s = 0, Ip = 10 mA, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 5.0 Мас, Va2s = 0(1), Ips = 10 mA, f = 1.0 GHz) 


Common Source Power Gain 
(Vps = 5.0 Мас, VG2s = 0(1), 


Ips = 10 mA, f = 1.0 GHz) 


Intermodulation Distortion 
(Vps = 5.0 Мас, 10$ = 10 mA, f4 = 995 MHz, 
#2 = 1001 MHz, VG2 = 0, Pin = —40 dBm) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Linear Power Point(2) 
(Vps = 5.0 Vdc, Ips = 10 mA, 
#1 = 995 MHz, f2 = 1001 MHz, VG2 = 0) 


Output Power at 1 dB Compression Point 
(Vps = 5.0 Мас, Ips = 10 mA, f = 1.0 GHz) 
(1) Data taken using a HP11608A 50 test fixture, Microlab slug tuners, HP11590A bias networks and the HP8970A noise figure meter. 


Note: Уб25 = 0. Refer to Figure 16. 
(2) The linear power point is the output power level at which either the signal 24 = f2 or 2f2 = f4 are 30 dB below #1 or #2. 


TYPICAL CHARACTERISTICS 
MRF966 


FIGURE 1 — DRAIN CURRENT versus FIGURE 2 — DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE GATE ONE-TO-SOURCE VOLTAGE 
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FIGURE 5 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus GATE 
ONE-TO-SOURCE VOLTAGE 
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FIGURE 6 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus GATE 
CONTROL SUPPLY VOLTAGE 
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FIGURE 7 — COMMON SOURCE POWER GAIN 


AND NOISE FIGURE versus 
FREQUENCY 
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FIGURE 8 — MAXIMUM AVAILABLE GAIN 
AND STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 9 — MAXIMUM AVAILABLE GAIN AND STABILITY 


FACTOR versus FREQUENCY 
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FIGURE 10 — OUTPUT POWER versus 
INPUT POWER (а 500 MHz 


Pout: OUTPUT OWER (dBm) 
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FIGURE 11 — OUTPUT POWER versus 
INPUT POWER @ 1.0 GHz 
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FIGURE 12 — THIRD ORDER INTERMODULATION 
DISTORTION @ 500 MHz 
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FIGURE 13 — THIRD ORDER INTERMODULATION 


DISTORTION @ 500 MHz 
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FIGURE 15 — THIRD ORDER INTERMODULATION 
DISTORTION @ 1.0 GHz 
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FIGURE 16 — 1.0 GHz 
TEST CIRCUIT SCHEMATIC 
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MRF966 


FIGURE 17 — CONSTANT GAIN AND NOISE FIGURE 


CONTOURS АТ Мр5 = 5.0 V, Ips = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 
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FIGURE 18 — CONSTANT GAIN AND NOISE FIGURE 


CONTOURS АТ Vps = 5.0 V, Ips = 10 mA, f = 1.0 GHz 
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MRF966 COMMON-SOURCE S-PARAMETERS 
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MRF967 


FIGURE 19 — CONSTANT GAIN AND NOISE FIGURE *j50 
CONTOURS AT Vps = 5.0 V, Ips = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 
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MRF967 COMMON-SOURCE S-PARAMETERS 


mm R | a] eem utu 
[ Eu | ze | Bu | ze | mu | ze | вы | 28 
-5 1.19 170 0.005 77 0.96 -4 
—14 1.16 155 0.016 73 0.94 —11 
1.11 131 0.030 65 0.93 -21 
1.03 111 0.040 54 0.87 -31 
0.96 91 0.048 45 0.83 -43 
-5 1.47 170 0.006 81 0.95 -4 
- 15 1.43 155 0.016 73 0.93 -11 
-29 1.39 131 0.031 65 0.92 -21 
-43 1.29 111 0.040 54 0.86 -31 
– 56 1.19 90 0.047 45 0.81 _ 44 
15 -6 1.50 170 0.006 82 0.93 -4 
-16 1.46 155 0.016 74 0.91 -11 
-31 1.42 131 0.031 64 0.90 -21 
-46 1.33 110 0.040 53 0.84 --31 
- 59 1.24 89 0.048 45 0.79 -43 
-6 1.33 170 0.007 78 0.90 -3 
-17 1.30 154 0.017 73 0.88 —10 
-33 1.27 129 0.033 64 0.88 -21 
-49 1.21 108 0.043 53 0.82 —30 
— 63 1.14 86 0.050 44 0.78 —42 
-5 1.17 170 0.006 84 0.97 -3 
—14 1.16 155 0.014 76 0.97 -9 
-27 1.11 131 0.027 65 0.94 -18 
-28 1.07 110 0.039 57 0.93 -28 
-53 0.97 91 0.045 50 0.88 -37 
10 -5 1.47 170 0.006 84 0.97 -3 
-15 1.43 156 0.014 76 0.96 -9 
-29 1.35 132 0.027 65 0.93 - 18 
1.32 111 0.038 57 0.90 —29 
0.044 0.86 -37 
0.96 =3 
0.95 -9 
0.93 —18 
0.90 —28 
0.86 —36 
0.95 -3 
0.95 -8 
0.92 -17 
0.90 -27 
0.86 —36 
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SMALL-SIGNAL DEVICES 


MRF8003 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


rating 5 | ve | Unt | 
LII ы шк ин ас 
в | ve | 
been =s sassa ЖИС Ts 


Total Device Dissipation @ TA = 25°C 1.0 Watt 
Derate above 25°C 5.7 mW/°C 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


|. сю | Symb! | ми | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 30 
(Ic = 10 mAdc, Ів = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 50 
(с = 0.1 mAdc, Мве = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
ЧЕ = 0.5 mAdc, Ic = 0) 
Collector Cutoff Current ІСВО -- 
(Усв = 12 Мас, ЈЕ = 0) 
ON CHARACTERISTICS 


DC Current Gain hrE 20 
(Ic = 100 mAdc, Vcg = 10 Мас) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Мас, ЈЕ = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Усс = 12.5 Мас, Pout = 0.5 W, f = 27 MHz) 
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FIGURE 1 — 27 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


- T — 


C1,C2,C3,C4 9.0-180 pF ARCO 463 or equivalent 

25 pF UNDERWOOD 

100 pF UNDERWOOD 

1000 pF UNDERWOOD 

10 uF ELECTROLYTIC 

0.47 uH Molded Coil 

VK 200-20/48 RFC 

16 Turns No. 26 Wire Closewound on R1 


cs 
ce 
с? 
св 
L1, L2 
L3 
L4 
R1 


390 0,2 w 
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MRF8004 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


|. Rang — [| Symbol | 
Collector-Emitter Voltage VCEO | 3 | 
Collector-Base Voltage VCBO | | 6 | Vd | 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation 
а Tc = 25'C(1) 
Derate above 25°C 


Storage Temperature —65 to +200 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


Тв, q 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic | Зутьо | ма | тур | Mex | unt | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(с = 50 mAdc, Ів = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(с = 200 mAdc, Мве = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
ЧЕ = 1.0 тАдс, Ic = 0) 

Collector Cutoff Current ІСВО 0.01 mAdc 
(Vcg = 15 Мас, ЈЕ = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(с = 400 mAdc, Vcg = 2.0 Мас) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Мас, lg = 0, = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(Pout = 3.5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


Collector Efficiency(2) (See Figure 1) 
(Pout = 3.5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


Percentage Up-Modulation(1) (See Figure 1) 
(f = 27 MHz) 


OFF CHARACTERISTICS 


Parallel Equivalent Input Resistance 
(Pout = 3.5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


Parallel Equivalent Input Capacitance 
(Pout = 3.5 W, Усс = 12.5 Vdc, f = 27 MHz) 


Parallel Equivalent Output Capacitance 
(Pout = 3.5 W, Усс = 12.5 Vdc, f = 27 MHz) 

(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (Pc) to 3.5 Watts with Vcc = 12.5 Vdc 
and noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver 
modulation (at a 25% duty cycle for thermal considerations) and raising the Vcc to 25 Vdc (to simulate the modulating voltage). 
Percentage Up-Modulation is then determined by the relation: 


Vo 
Percentage Up-Modulation — | (=) -1| * 100 
c 
= -RE Pout , 
(2) " Vee) (Ic) 100 
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FIGURE 1 — 27 MHz TEST CIRCUIT 


Усс 
12.5 Vde 


C1 


9.0-180 pF ARCO 463 or Equivalent 26 Turns #22 Enameled Wire (2 Layers - 


C3, C4 50.80 pF ARCO 462 or Equivalent 13 Turns Each Layer) '4" Inner Diameter 
C5 002 „Е Ceramic Disc L1 0.22 uH Molded Choke 
C6 01,F Ceramic Disc 12 0.68 ¿H Molded Choke 


RFC1 4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590.65/38 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier 


FIGURE 2 — CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, 


F = j = 
Pout = 15 W PEAK IGURE 3 — CIRCUIT TUNED АТ 12.5 МРош = 4 W 


20 20 
2 g 
= 15 - 
š š 
с = 
ш ш 
š š 
s. 10 а. 
= = 
> I 
а. а. 
= = 
= 2 
о о 
550 š 
a a 

Vec = 12.5 V 100% Duty Cycle 
0 


0 02 04 06 0.8 10 0 03 06 0.9 12 15 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
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MWA110 
MWA120 
MWA130 


MAXIMUM RATINGS CASE 31A-01, STYLE 2 


ana | | —— 399 Ган 
ос Supply Curent ________ | a [в [№ | ma | 
COT AER NUMAE TES 
OPERATING CONDITIONS GENERAL PURPOSE HYBRID 
[meam — —  [ vp [ 2» [№ [ 88 | v& | AMPLIFIERS 

СІРІ: | m | ш |: | ® em] 
| Decouping impedance — | zo | we | wo | зо [а | 


ELECTRICAL CHARACTERISTICS (Тс = —25 to +125°C, 50 Q system and specified operating conditions.) 


Power Gain 
Response Flatness 


Input VSWR 
MWA110/120 
MWA130 


Output VSWR MWA110/120/130 


Output @ 1.0 dB Gain Compression 
MWA110 
MWA120 
MWA130 


Noise Figure 
MWA110 
MWA120 
МУУА130 
Reverse Isolation 
MWA110 
MWA120 
MWA130 


Harmonic Output 


MWA110 (Pout = —9.0 dBm) 
MWA120 (Рош = 0 dBm) 
MWA130 (Рош = +10 dBm) 
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p 


MWA110 e MWA120 e 


FIGURE 2 — DEVICE CURR 


MWA130 


FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 


Vp. DEVICE VOLTAGE (Vdc) 


Ip. DEVICE CURRENT (mAdc) 


ENT versus CASE TEMPERATURE FIGURE 3 — POW 


ER GAIN versus FREQUENCY 


бр, POWER GAIN (dB) 


Ip, DEVICE CURRENT (mAdc) 


+ 
Tc. CAS 


20 +60 +100 +140 “0 200 400 
E TEMPERATURE (°C) 


FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
+= 400 MHz 


600 800 1000 1200 1400 
t, FREQUENCY (MHz) 


Gp. POWER GAIN (dB) 


0 20 40 60 80 100 120 
Ip. DEVICE CURRENT (mAdc) 
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140 


SMALL-SIGNAL DEVICES 


MWA110 е MWA120 ө MWA130 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 
f = 100 MHz f = 400 MHz 


Gp. POWER GAIN (dB) 


Тс. CASE TEMPERATURE (°C) Tc. CASE TEMPERATURE (°C) 
FIGURE 7 — VSWR versus FREQUENCY FIGURE 8 — VSWR versus FREQUENCY 
MWA110 MWA120 


(ewe ae ee ЖОП 
11 ae 1— 


VSWR, VOLTAGE STANDING WAVE RATIO 


VSWR, VOLTAGE STANDING WAVE RATIO 


1:1 
0 200 400 600 800 1000 1200 1400 0 200 = 600 800 1000 1200 1400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 9 — VSWR versus FREQUENCY 
MWA130 


VSWR, VOLTAGE STANDING WAVE RATIO 


Le 


0 200 L 600 800 1000 1200 1400 
f, FREQUENCY (MHz) 
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FIGURE 10 — INPUT AND OUTPUT IMPEDANCE FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY versus FREQUENCY 
MWA110 MWA 120 


Coordinates in Ohms Coordinates in Ohms 


FIGURE 12 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA130 FIGURE 13 — 1.0 dB GAIN COMPRESSION versus FREQUENCY 


1.0 dB GAIN COMPRESSION (dBm) 


0 200 400 600 800 1000 1200 1400 
| FREQUENCY (MHz) 


Coordinates in Ohms 
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FIGURE 14 — 1.0 dB GAIN COMPRESSION FIGURE 15 — 1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT versus CASE TEMPERATURE 
f = 400 MHz f = 400 MHz 


a L L Lapas |_____._ | 
Wr и зими 
! ее. 
wama ШЕ 

" АЕ GRE 


1.0 dB GAIN COMPRESSION (dBm) 
1.0 dB GAIN COMPRESSION (dBm) 
* 


0 20 40 60 80 100 120 140 
Ip, DEVICE CURRENT (mAdc) Tc. CASE TEMPERATURE (°C) 
FIGURE 16 — NOISE FIGURE versus FREQUENCY FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 


NF, NOISE FIGURE (dB) 
Рау, REVERSE ISOLATION (dB) 


0 200 400 600 800 1000 1200 1400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 19 — SECOND AND THIRD ORDER INTERCEPT 
FIGURE 18 — SECOND HARMONIC OUTPUT versus FREQUENCY MWA110 


| Е - 
4. “2 


Af 
E an", 


ran / Third Order (га +b +c) 
и n 
Р“ | Second Order (а + b) 


-40 -20 0 %20 +40 


dso, 2nd HARMONIC OUTPUT (dBc) 


f, FREQUENCY (MHz) Pin: INPUT POWER (dBm) 
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Pout OUTPUT POWER (dBm) 


MOTOROLA SEMICONDUCTORS 


IMD, INTERMODULATION DISTORTION (dB) 
' ' ' Ë 


IMD, INTERMODULATION DISTORTION (dB) 
0 П 1 ' 0 


FIGURE 20 — SECOND AND THIRD ORDER INTERCEPT 


MWA120 


— 7 ШЕ ШР A ОШ ИШ ЭШ 


Ру 


yum 
ү 


ЗЕЯ ГГ. 
L I Aeron: 


FIGURE 22 — 


Two Tone Test 
#1 = 30 MHz, f2 = 30. 


Pi INPUT POWER (dBm) 


INTERMODULATION DISTORTION 


versus POWER OUTPUT 


MWA110 


0.5 1.0 


FIGURE 24 — 


versus PONER OUTPUT 


Pout 


POWER OUTPUT (mW PEP) 


15 


INTERMODULATION DISTORTION 


MWA130 


И = 30 


Two Tone Test 


MHz, #2 = 30. 


10 20 
POWER OUTPUT (mW PEP) 


Pout’ 


30 


40 


Pour: OUTPUT POWER (dBm) 


GD, GROUP DELAY (ns) 


7-250 


IMD, INTERMODULATION DISTORTION (dB) 
' П n ] 0 0 


FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT 
MWA130 


Р л. INPUT POWER (dBm) 


FIGURE 23 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA120 
0 T = 
10 -- == 


Two Tone Test 
#1 = 30 MHz, f2 = 30. 
I 


0 20 40 60 8.0 


Роше POWER OUTPUT (mW РЕР) 


FIGURE 25 — GROUP DELAY versus FREQUENCY 


| А РЕЈ Measured on КР 


Automatic Network Analyzer, 
Model 8542А, 100 MHz Steps 


0 
0 200 400 600 800 
f, FREQUENCY (MHz) 


1000 1200 1400 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 (2 systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 

Figure 26 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 — INTERNAL CIRCUIT 


DC Supply 
2 and 
RF Output 


RF Input 


3 
T Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 27. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 {2 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 
2р 


L——— dB 
О + 25 


Loss = 20 Log 
2 


where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ, Loss = 0.214 dB. 


FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM 


*Vcc © 


CBypass 


ка 


gi Decoupling 


50 £2 Impedance (Zp) 
Source 50 11 
) Load 
CBiock CBlock 


Supply Voltage 

The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+ Мсс) and is 
determined by the following equation: 


Усс = Ар х Ip + Vp 
where ID and Vp аге the device current and voltage stated 
in the data sheet. For example, for MWA110, 


Ip = 10 mA 

Vp = 2.9 V 
and, if Rp = 33022, then 

Усс = 62V 


Моге commonly МСС is predetermined апа Rp may be 
calculated from: 
_ Убе= VD 
ID 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner 


(fLFC). 


1 
CBlock(Farads) = ——əƏ o - 
100 7 fi Ec(Hz) 
Bypass Capacitor 

The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 — TEST FIXTURE 


Grounding Screws 


Blocking Capacitor 
(Ceramic Chip) 


Bypass Capacitor 
(Ceramic Chip! 


+ Усс Supp 


Circuit Board 
Mounted on 
Aluminum Block 


50 §2 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


ly 


Note The circuitry indicated is on the underside of the printed circuit board with sockets for the 


amplifier pins The case of the amplifier should contact the printed circuit board top surface to 


ensure effective RF grounding 


Text Fixture 

The 50 Q input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 Q microstrip transmission lines. Figure 28 15 
an example of a circuit board layout which utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 

The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro- 
priate line widths for 50 {2 microstrip lines on commonly 
used circuit board materials. 


MATERIAL | DIEL 
CON 


Teflon 
Fiberglass 


Fiberglass 
Epoxy 


DIELECTRIC LINE 
ECTRIC THICKNESS WIDTH 
STANT INCHES INCHES 
2.5 0.03125 0.090 
0.0625 0.180 


50 0.0625 0.100 


taken 


As in all good 


RF circuit. designs, care should be 


to minimize parasitic lead inductances and to 


provide adequate grounding. 


FIGURE 29 — TYPICAL CASCADE 


All Capacitors (С) are 0 018 uF 


Cascading 

The inherent stability of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical З hybrid 


cascade with measured data fo: 400 MHz and 1000 MHz 


hybrids, 


Chip Capacitors 


Frequency Range 
Gain 

Gain Flatness 
Input VSWR 
Output VSWR 
Усс Supply 

| Supply 

MWA #1 

MWA #2 

MWA #3 

R1 

R2 

R3 


0.25 to 400 MHz 
43.5 dB 
* 1.0 dB 
20:1 
1.2:T 
12 Vdc 
44 mAdc 
MWA110 
MWA110 
MWA120 
1000 2 
1000 2 
300 2 


0.25 to 1000 MHz 
20.5 dB 
*0.75 dB 
2.4:1 


2.1:1 
33 Vdc 
150 mAdc 
MWA320 
MWA330 
MWA330 
1000 2 
500 $2 
500 2 
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MAXIMUM RATINGS CASE 31A-01, STYLE 2 


G — — — 
| Pin | 


RF Input Power 


War” aes, 
Гос supply Curent — | p | æ | s | по 
[Maximum Case Temperature | Tc |в 
OPERATING CONDITIONS 

[Device vonage — ао [т | sa | 44 | v& | 
[Device Curent — | p | t | æ | в | made | 
[Decoupling impedance | zp | 1000 | wo | 30 | a | 


GENERAL PURPOSE HYBRID 
AMPLIFIERS 


ELECTRICAL CHARACTERISTICS (Tc = -25 to +100°C, 50 Q system and specified operating conditions.) 


Frequency Range 
EU ` КН ЖҚ eee СЕ ae DE “ОН 
Response Flatness F 


Input VSWR 
MWA210/220 
MWA230 


Output VSWR MWA210/220/230 


Output @ 1.0 dB Gain Compression 
MWA210 
MWA220 
MWA230 


Reverse Isolation 


MWA210 
MWA220 
MWA230 


Harmonic Output 
MWA210 (Pout = —9.0 dBm) 
ММА220 (Pout = 0 dBm) 
MWA230 (Pout = +10 dBm) 


Noise Figure NF 
MWA210 
MWA220 
MWA230 
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FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 


Ур, DEVICE VOLTAGE (Vdc) 


Ip, DEVICE CURRENT (mAdc) 


FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE FIGURE 3 — POWER GAIN versus FREQUENCY 


Ip. DEVICE CURRENT (mAdc) 


Ñ 
mm | В В im | ОЦА 
ы увере ЈЕДЕМ ЕТО 
sol a ы L НА UP 


400 600 800 100 1200 1400 
Тс, CASE TEMPERATURE (9С) f, FREQUENCY (MHz) 


FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
f = 600 MHz 


бр POWER GAIN (dB) 


0 20 40 60 80 100 120 140 
1p. DEVICE CURRENT (mAdc) 
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FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE 


f = 600 MHz 


f- 100 MHz 


(яр) NIV9 намоа “49 


Tc, CASE TEMPERATURE (°C) 


Тг, CASE TEMPERATURE (°C) 


FIGURE 8 — VSWR versus FREQUENCY 


FIGURE 7 — VSWR versus FREQUENCY 


MWA220 


MWA210 


оцун 3AVM 9МІ0МУ15 39V110A ‘UMSA 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


— VSWR versus FREQUENCY 


FIGURE 9 


MWA230 


ОУН 3AVM 9МІПМУ15 39V110A 'HMSA 


1, FREQUENCY (MHz) 
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FIGURE 10 — INPUT AND OUTPUT IMPEDANCE versus FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
FREQUENCY MWA210 versus FREQUENCY MWA220 


-150 


Coordinates in Ohms Coordinates in Ohms 
FIGURE 12 — INPUT AND OUTPUT IMPEDANCE FIGURE 13 — 1.0 dB GAIN COMPRESSION 
versus FREQUENCY MWA230 versus FREQUENCY 


+150 


900 


1.0 dB GAIN COMPRESSION (dBm) 


0 200 400 600 800 1000 1200 1400 
f, FREQUENCY (MHz) 


Coordinates in Ohms 
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FIGURE 15 — 1.0 dB GAIN COMPRESSION 


FIGURE 14 — 1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT f - 600 MHz 


= 600 MHz 


versus CASE TEMPERATURE f 


И 


T 
(шр) NOISS3HdWO2 NIV9 POL 


*140 


+60 


+20 
Tc, CASE TEMPERATURE (°C) 


Ip, DEVICE CURRENT (mAdc) 


FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 


FIGURE 16 — NOISE FIGURE versus FREQUENCY 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 19 — SECOND AND THIRD ORDER INTERCEPT 
MWA210 


FIGURE 18 — SECOND HARMONIC OUTPUT versus FREQUENCY 


(28р) 114110 ОМОЙНУН puz "^p 


600 


f, FREQUENCY (MHz) 


400 


Pin: INPUT POWER (dBm) 
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FIGURE 20 — SECOND AND THIRD ORDER INTERCEPT 
MWA220 


Рош: OUTPUT POWER (dBm) 


Pin b POWER (dBm) 


FIGURE 22 — INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA210 


Two Tone Test 
#1 = 30 MHz, f2 = 30.001 MHz 


КЕЯ | 
ips 


IMD, INTERMODULATION DISTORTION (dB) 
' , ] ' i 


POWER OUTPUT (mW PEP) 


Pour 


FIGURE 24 — INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA230 


Two Tone 
1-30 Mie с. 30.001 MHz 


IMD, INTERMODULATION DISTORTION (dB) 
' 


Pout: POWER OUTPUT (mW РЕР) 
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GD, GROUP DELAY (ns) 
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Рош, OUTPUT POWER (dBm) 


FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT 
MWA230 


Pin: INPUT POWER (dBm) 


FIGURE 23 — INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA220 


Two Tone Test 


2 = И = 30 MHz, #2 = 30. 


Рош, POWER OUTPUT (mW PEP) 


FIGURE 25 — GROUP DELAY versus FREQUENCY 


ШШШ ЕШШ ЕШ Measured оп Н.Р. 
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CASE 31A-01, STYLE 2 


MAXIMUM RATINGS 


са - = 


—— ша 
|MWAS10|MWA320| MWA330 
| RF Input Power — Ра | 100 [mw | 


Гос supply Curent — [| m | æ | s | № | па 
| Maximum Case Temperature — | Tc | _ 15 |е 
OPERAT санынан Са | E GENERAL PURPOSE HYBRID 
[Device vonas а | ле | zs | 40 | № | AMPLIFIERS 

[Dvice cure | p | t | 2 | e | mase | 
[Decoupling impedance | zp | 1000 | mo | sso | a | 


4 


ELECTRICAL CHARACTERISTICS (Tc = -25 to +80°C, 50 Q system and specified operating conditions.) 
Characteristic 
Frequency Range 


Power Gain 
MWA310/320 
MWA330 


Output VSWR 


Output @ 1.0 dB Gain Compression 
MWA310 
MWA320 
MWA330 


Noise Figure 
MWA310 
MWA320 
MWA330 


Reverse Isolation 
MWA310 
MWA320 
MWA330 


Harmonic Output 


MWAG310 (Pout 
MWA320 (Pout 
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FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
f = 1000 MHz 


бр. POWER GAIN (dB) 


Ip. DEVICE CURRENT (mAdc) 
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FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE 
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FIGURE 8 — VSWR versus FREQUENCY 


— VSWR versus FREQUENCY 


FIGURE 7 
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FIGURE 10 — INPUT IMPEDANCE versus FREQUENCY 
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FIGURE 9 — VSWR versus FREQUENCY 
MWA330 
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FIGURE 11 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 12 — INPUT IMPEDANCE versus FREQUENCY 
MWA310 MWA320 
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FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY 
MWA320 
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FIGURE 17 — 1.0 dB GAIN COMPRESSION FIGURE 18 — 1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT versus CASE TEMPERATURE 
f = 1000 MHz += 1000 MHz 


1.0 dB GAIN COMPRESSION (dBm) 
1.0 dB GAIN COMPRESSION (dBm) 
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FIGURE 19 — NOISE FIGURE versus FREQUENCY FIGURE 20 — REVERSE ISOLATION versus FREQUENCY 
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FIGURE 22 — SECOND AND THIRD ORDER INTERCEPT 
FIGURE 21 — SECOND HARMONIC OUTPUT versus FREQUENCY MWA310 
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FIGURE 23 — SECOND AND THIRD ORDER INTERCEPT 
MWA320 
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FIGURE 25 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA310 
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FIGURE 27 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA330 
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FIGURE 24 — SECOND AND THIRD ORDER INTERCEPT 
MWA330 
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FIGURE 26 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
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FIGURE 28 — GROUP DELAY versus FREQUENCY 
MWA310/MWA320/MWA330 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 © systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 

Figure 29 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 29 — INTERNAL CIRCUIT 


DC Supply 
2 and 
RF Output 


- 


RF Input 


— З 
7 Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 30. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 О load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 


by the equation: 
ане аби — D. de 
$ 0g —— 
E 9 20+ 25 


where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 КО, Loss = 0.214 dB. 
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FIGURE 30 — AMPLIFIER SCHEMATIC DIAGRAM 
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Supply Voltage 

The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+ Мсс) and is 
determined by the following equation: 


Vcc = Rp x Ip + Vp 
where Ip and Vp are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


Ip = 10 тА 

Vp = 2.9 V 
and, if Rp = 330 (2, then 

Усс = 62V 


More commonly Vcc is predetermined and Rp may be 
calculated from: 
4 Убе- VD 

ID 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


Rp 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner 


(ЦЕО). 


1 
CBlock(Farads) ------ 
100 7 fi Fc(Hz) 
Bypass Capacitor 

The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 31 — TEST FIXTURE 


Grounding Screws 


Circuit Board 
Mounted on 


Aluminum Block 
Blocking Capacitor 


(Ceramic Chip) 


50 2 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 
Bypass Capacitor 


+V Supply 
(Ceramic Chip) ee 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. 


Text Fixture 


Th i i 
е 50 Q input/output impedance levels of the MWA НЕ ЕСТЕ UINE 


hybrids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC THICKNESS WIDTH 
using 50 Q microstrip transmission lines. Figure 31 is CONSTANT INCHES INCHES 
an example of a circuit board layout which utilizes Tation: Toate 


Fiberglass 0.0625 


microstrip transmission lines in conjunction with other 
sound RF construction techniques. 

The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


Fiberglass- 0.0625 
Epoxy 


dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should be 
priate line widths for 50 (2 microstrip lines on commonly taken to minimize parasitic lead inductances and to 
used circuit board materials. provide adequate grounding. 


FIGURE 32 — TYPICAL CASCADE 


502 
Source 
Cascading Frequency Range | 0.25 to 400 MHz | 0.25 to 1000 MHz 
The inherent stability of the MWA hybrid modules Gain 43.5 dB 20.5 dB 
makes possible the cascading of two or more units with Gaim Flats %1,0:4в +0.75 dB 


Input VSWR 2.0:1 
Output VSWR 1.2:1 
Усс Supply 12 Vdc 
| Supply 44 mAdc 
MWA 21 MWA110 
MWA = MWA110 
MWA MWA120 
R1 1000 2 
R2 1000 2 
R3 300 2 


24:1 
2.1:1 
33 Vdc 
150 mAdc 
MWA320 
MWA330 
MWA330 
1000 2 
500 2 
500 2 


no oscillatory problems.Figure 32 shows a typical 3 hybrid 
cascade with measured data їо! 400 MHz and 1000 MHz 
hybrids. 
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The following pages contain information on the various pack- 
ages referenced on the individual data sheets. Information in- 
cludes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for Case numbers, "old" JEDEC “TO” numbers, and 
the new JEDEC “TO” designation. 

Additionally, abstracts of available application notes are pro- 
vided. Please contact your local sales representative for those 
desired. 
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Package Outline 
Dimensions 
and Application Information 


Package Outline Dimensions 


Dimensions are in inches unless otherwise noted. 


CASE 20-03 TO-72 (TO-206AF) 


pu a s 
[ MAX | MIN | 


SEATING 
PLANE 


[РТ - [12 ] - (0450) 


ALL ЈЕРЕС dimensions and notes apply 


CASE 22-03 TO-18 (TO-206AA) 


nod 
| MIN | MAX | MIN | МАХ | 


агата 


All JEDEC notes and dimensions apply. 


CASE 26-03 TO-46 (TO-206AB) 


глаз f 


SEATING MILLIMETERS] INCHES | 
PLANE [MIN | MAX | MIN | мах | 


STYLE 1: 
PIN 1. EMITTER 


All ЈЕРЕС dimensions and notes apply 


MOTOROLA SEMICONDUCTORS 


CASE 20 STYLES 


РІМ Т. SOURCE 
2. ORAIN a 
3 GATE 3 
4. CASE LEAD 4 


РІМ 1. SOURCE 
2. GATE i 

3. DRAIN 
4. SUBSTRATE AND A 
CASE LEAD 4 


PINT DRAIN 
2. SOURCE 2 
3. GATE 3 
4 CASE LEAD 4 


PIN 1. SOURCE STYLE 8 
2. GATE PIN 1 
3. DRAIN 2 
4 GATE2 3 
SUBSTRATE AND 4 

CASE 


CASE 22 STYLES 


STYLE ! 
PIN 1. EMITTER 
2. BASE 
3 COLLECTOR 
STYLE 2 
PIN 1 SOURCE, SUBSTRATE 
AND CASE 
2 GATE 
3 DRAIN 
STYLE 3 
РІМ 1 SOURCE 
2 DRAIN 
3 GATE 


STYLE 4 
PIN 1 SOURCE 
2 DRAIN 
3 GATE &CASE 


STYLE 5 
PIN 1 EMITTER 
2 BASE! 
3 ВАЗЕ? 


STYLE6 
PIN 1 CATHODE 
2 GATE 
3 ANODE 


SOURCE 
GATE 1 

DRAIN 

CASE 


DRAIN 
SOURCE AND 
SUBSTRATE 
GATE 


. SOURCE AND 


SUBSTRATE 


DRAIN 
SOURCE 
GATE 

CASE AND 
SUBSTRATE 


EMITTER 2 
BASE] 
COLLECTOR 
EMITTER 1 
BASE 2 


PIN 1. DRAIN 
2. GATE2 
3. GATE! 
4. SOURCE, 
SUBSTRATE 
AND CASE 


STYLE 10 
PIN 1. EMITTER 
2 BASE 
3. COLLECTOR 
4. CASE 


STYLE 11 
PIN 1. EMITTER 
2. CATHODE 
3. COLLECTOR 
4. ANODE 
NOTE 
1. ALL RULES AND 
NOTES WITH 
Т0-72 OUTLINE 
SHALL APPLY 


" 


(79 
STYLE 7 
PIN 1. ANODE 
2. BASE 


3 CATHODE 


STYLE 8 
РЕМ! БАТЕ 
2 ANODE! 
3 ANODE 2 


STYLES 
PIN 1 ANODE 2 
2 ANODE ! 
3 GATE 
(CONNECTED TO 
CASE) 


STYLE 10 
PIN 1 BASE 
2 EMITTER 
3 BASE 


STYLE 11 
PIN 1 DRAIN 
2 GATE 
3 SOURCE SUBSTRATE 


STYLE 12: 
PIN !. SOURCE 
2. GATE 
3. DRAIN (CASE) 


CASE 27-02 TO-52 (TO-206AC) 


STYLE 1: STYLE3 
PIN 1. EMITTER PIN 1. EMITTER 
2. BASE 2. BASE 
3. COLLECTOR 3. BASE 2 
STYLE 2: STYLE 4: 
PIN 1. DRAIN PIN 1. SOURCE 
2. SOURCE 2. DRAIN 


3. GATE & CASE 3. GATE & CASE 


All JEDEC dimensions and notes apply 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 29-02 TO-92 (TO-226AA) CASE 29-03 TO-226AE 


NOTES 
1. DIMENSIONS -A- AND -B- ARE DATUMS 
SEATING -- 2. -Т- ISSEATING PLANE. 
"AME 3. POSITIONAL TOLERANCE FOR LEADS: 


All JEDEC dimensions and notes apply. 


[$g 0.10 (00046 [ТА 69 [8 62) 


4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


STYLE! STYLES 
PIN 1. EMITTER PIN 1 BASE 1 STYLE 16 STYLE 24 
L: Ш>» "шш To MEB 
2 GATE 
3 COLLECTOR 3 ВАЗЕ? 3 CATHODE 3 CATHODE 
STYLE 2 STYLE !0 
PIN 1 BASE PIN 1 CATHODE STYLE 17 STYLE 25 
2 EMITTER 1 GATE PIN 1 COLLECTOR rs 
3 ANODE 2 BASE 
3 COLLECTOR LM А PRAIS 
STYLE 3 STYLE И 
RIN 1 ANODE PIN 1. ANODE STYLE 18 STYLE 26 
2 ANODE 2 САТНООЕВАНООЕ | "М! ANODE € МЕ ada 
3 CATHODE 3 CATHODE З, ТЕО АҒЫНЫ. 
STYLE 4 STYLE 12 
PIN 1 CATHODE PIN 1 MAIN TERMINAL 1 STYLE 19 STYLE ?7 
2 CATHODE 2 GATE PIN 1. GATE PIN 1. MT 
3 ANODE 3 MAIN TERMINAL 2 2 ANODE 2. SUBSTRATE 
3 CATHODE 3 MT 
SEA БЕТ STYLE 1: | 0.305 [0.335 | 
1 PIN 1. ANODE 1 STYLE 20 STYLE 28 ~ 
= те g^ rro PIN | NOT CONNECTED PIN 1. CATHODE PIN 1. EMITTER -0240 0360 | 
3 GATE 3 CATHODE 2 2 CATHODE 2 ANODE 2. BASE | 0.016 [0.021 | 
3 ANODE 3. GATE 3. COLLECTOR | 0.009 1 0.125 | 
“rn oat И a COLLECTOR STO НОТ CONNECTED STYLE 2: 
TRATI 
Е du о ч 1 EMITTER 2. ANODE PIN 1. CATHODE 
STYLE 4 3 BASE 12 3. CATHODE 2. GATE 
STYLE? PIN 1 EMITTER 3. ANODE 
PIN 1 SOURCE 2 COLLECTOR STYLE 22 STYLE 30: 
2 DRAIN 3. BASE PIN 1. SOURCE PIN 1. DRAIN 
OANE 2 GATE 2. GATE STYLE3: 
STYLE 15 3 DRAIN 3. SOURCE PIN 1. GATE 
NY DRAIN ee CATHODE STYLE 23 2. CATHODE 
£ GATE 3 ANODE? ИЕ 3. ANODE 
3 SOURCE & SUBSTRATE 3 DRAIN 


CASE 31A-01 


CASE 79-02 TO-39 (TO-205AD) 


с 
STYLE 1 STYLE 2: 
PIN 1. EMITTER PIN 1. INPUT 
2. BASE 2. OUTPUT 
3. COLLECTOR 3. GROUND [MILLIMETERS| INCHES | 
SEATING , K 


| M | 4585: |  459BSC 
N | 2.54 BSC 0.100 BSC 


NOTE: 
1. LEADS WITHIN 0.36 mm (0.014) DIA 
OF TRUE POSITION AT SEATING 
PLANE AT MAXIMUM MATERIAL CONDITION. 


All JEDEC dimensions and notes apply. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 79-03 


CASE 244A-01 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


= MILLIMETERS 
[ MIN | 


STYLE 2: 
PIN 1. COMMON 
2. OUTPUT 
3. COMMON 
4, INPUT 


INCHES 


ГА] 7.06] 7.5] 0278 
[.8 | 6.20 | | 0.244 | 


CASE 303-01 


STYLE 2: 
COLLECTOR 


PIN 1. COLLECTOR 
2. EMITTER 2. BASE 
. BASE 3. EMITTER 
. EMITTER 4. BASE 


mu INCHES ы 
[ MIN | | MIN | MAX | 
ГА] 2.29 | 267 | 0.090 | 0105 | 

| 0.035 | 0.055 | 


CASE 79 STYLES 
2 
PIN 1. INPUT 
2. оутрит 1 3 
3. GROUND 
STYLE} STYLE 4 
PIN 1. EMITTER РІМ! MAIN TERM 1 


2. BASE 2. GATE 
3. COLLECTOR 3. MAIN TERM. 2 


STYLE 2 STYLE 5 
PIN 1. DRAIN PIN 1. COLLECTOR 
2. SOURCE 2 BASE 
3. GATE 3. EMITTER 
STYLE3 STYLE 6: 
PIN 1. CATHODE PIN 1. SOURCE 
2. GATE 2. GATE 
3. ANODE 3. DRAIN 
(CASE) 
NOTES 


1. ALL RULES AND NOTES ASSOCIATED WITH TO-39 
OUTLINE SHALL APPLY 


CASE 249-05 


STYLE! STYLE 2 
D ^ PN 1. EMITTER PIN 1. EMITTER 
B 2. BASE 
/ 3. EMITTER 3. EMITTER 
4% COLLECTOR 4 COLLECTOR 


SEATING PLANE * 
GROUND AND IS 
CONNECTED TO 
PIN ТАМО PIN 3 


CASE 305-01 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


= 


8-32 UNC 2A 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 305A-01 CASE 317-01 


STYLE 1 STYLE 1: STYLE 2: 
PIN 1. EMITTER PIN 1. DRAIN PIN 1. COLLECTOR 
2. BASE 2. SOURCE 2. EMITTER 
3. EMITTER 3. БАТЕ! 3. BASE 
4. COLLECTOR 4. GATE2 4. EMITTER 


т” MILLIMETERS] INCHES | 
| MIN | MAX | MIN | MAX | 


SEATING PLANE 


CASE 317A-01 CASE 318 TO-236AA 


m MILLIMETERS| INCHES | 


“ын | MAX | MIN | та 
СЪ tat год поет 


| y | 


е 
— STYLE1 


STYLE 2: KA 
7 РІМ 1. COLLECTOR — PIN 1. COLLECTOR 
2. BASE 2. EMITTER 
3. EMITTER 3. BASE шш CHIE 


[К [0.10 | 025 |0004 | 0.0098) 
[1 [210 | 250 [0.083 | 0.0984] 


SS 5 [M |045 | 0.60 |0018 | 0.0236] 
Š | | ! Гн [089 | 102 [0.035 | 0.0401] 
F 
m A} | 
е --м = | 
Е 
CASE 318 TO-236AB CASE 318 STYLES 
—8p— STYLE 6: STYLE 10: STYLE 14: 
PIN 1. BASE PIN 1. DRAIN PIN 1. CATHODE 
2. EMITTER 2. SOURCE 2. GATE 
=] 3. COLLECTOR 3. GATE 3. ANODE 
B L MILLIMETERS | — INCHES 5ТҮ(Е?: STYLE t1: STYLE 15: 
PIN 1. EMITTER PIN 1. ANODE PIN 1. GATE 
ы} 2. BASE 2. CATHODE 2. CATHODE 
' 3. COLLECTOR 3. CATH0DE 3. AN0DE 
ANODE 
STYLE 8: 
Нара PIN 1. ANODE STYLE 12: 
А на 2. NO CONNECTION PIN 1. CATHODE тш 
3. CATHODE 2. CATHODE N 1. ANODE 
3 ANODE 2. CATHODE 
КС. 3. CATHODE 
^ š STYLE 9: STYLE 13: 
ac d PIN 1. ANODE PIN 1. SOURCE STYLE 17: 
2. ANODE 2. ORAIN PIN 1 мо CONNECTION 
c 3. CATHODE - 
71 3. GATE 3. CATHODE 
STYLES 1 THRU 5 ARE OBSOLETE. STYLE 18: 
K PIN 1. NC 
NOTES PIN 2. CATHODE 
— w = e 1. 318 - 02 MEETS ALL JEDEC PIN 3. ANODE 
F DIMENSIONAL REQUIREMENTS 


FOR TO - 236 AA. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 345-01 CASE 358-01 


ла ү >< 


STYLE 1 STYLE2 


L PIN 1. BASE PIN 1. DRAIN 
2. EMITTER 2. SOURCE 
MILLIMETERS| — INCHES 3. COLLECTOR 3 GATE? 
[ MIN [ MAX | MIN [ MAX | 4. EMITTER 4. GATE2 
STYLE ! STYLE 3 А | 440 | 460 | 0.174 | 0.181 
PIN 1. BASE PIN 1. GATE | | 250 | 0091 | 0.102 | = 
2 COLLECTOR 2. ANODE [t | 140 | 150 | 0056 | 0.062 MILLIMETERS | — INCHES 
3. EMITTER 3 CATHODE peo М 0.015 | 0.018 
| 1.80 | 0.064 ГА 241] 222 | 0095) 0115] 
STYLE 2 STYLES 236 | 0077) 0.093) 
PIN 1. ANODE PIN 1. DRAIN Е 
2. CATHODE 2 GATE SEATING PLANE —* 
3. NO CONNECTION 3 SOURCE 
CASE 607-04 CERAMIC 1 CASE 610A-04 CERAMIC 


A 
STYLE 1 8 
BASE 2, 6, 9, 13 с 0.030 | 0076 
EMITTER 3, 5, 10, 12 ЕЕ 00 18091006 [oy 036 га | [0014 | 0019 
COLLECTOR 1, 7, 8, 14 г 127452 | 005085 ЕТ 008 | 016 [0003 | 0006 
[Гн Го T ове T 0005 [0035 | STYLE 1 СТ UCET eus 
FOR COMPLEMENTARY QUADS Е рг ыг ibm BASE 1,5 | | 0.050 
NPN PINS 1 THRU 3, 12 THRU 14 carra 10250 ] EMITTER 2, 4 H | 013 | 089 | 0005 | 0035 
PNP PINS 5 THRU 7, В THRU 10 Li Ham 0740 1 COLLECTOR 9, 7 K | 381 0150 | 
(REFER ТО STYLE 1 [N 025 | 9010 | - | FOR COMPLEMENTARY PAIRS t 11054) — |045 
FOR PIN IDENTIFICATION) [RT Газа | - Гор | NPN PINS 1, 2, 9 н | 254856 | 010085С 
S [782 азе [0300 [0330 | PNP PINS 4 5 7 R 127 0.050 
[T [4% | 485 | 0175 [0195 (REFER TO STYLE 1 FOR PIN IDENTIFICATION) т |155 [203 | 0065 [0.080 


CASE 632-02 ТО-116 CERAMIC CASE 646-05 


LL da 


RES LA 


~ 
Hi-—-—Gi-— searing К po 0203] 0381 
PLANE 2.54 
162 BSC 
STYLE 1 STYLE 1 

COLLECTOR 1, 7, 8, 14 BASE 2, 6, 9, 13 

BASE 2, 6, 9, 13 UK EMITTER 3, 5, 10, 12 

EMITTER 3, 5, 10, 12 COLLECTOR 1, 7, 8, 14 

COMPLEMENTARY PAIRS COMPLEMENTARY PAIRS 
TYPE 1 TYPE2 TYPE 1 ТҮРЕ 2 

NPN 1 THRU 3, 5 THRU 7 NPN 1 THRU 3, 12 THRU 14 NPN 1 THRU 3, 5 THRU 7 NPN 1 THRU 3, 12 THRU 14 

PNP 8 THRU 10, 12 THAU 14 PNP 5 THRU 7, 8 THAU 10 PNP 8 THAU 10, 12 THRU 14 PNP 5 THRU 7, 8 THRU 10 

(REFER TO STYLE 1 FOR PIN IDENTIFICATION) (REFER TO STYLE 1 FOR PIN IDENTIFICATION) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 654-02 CASE 654-07 
A- 
--В-- 

ы A а =F 
с 
| 

/ 1 
Fá K 
NOTES: SEATING | 
1. ALL RULES & NOTES ASSOCIATED WITH PLANE = 
REFERENCED T0-78 (654-02) OUTLINE dL D 


SHALL APPLY. 
MILLIMETERS] INCHES | 


a 
Ж 
i . ST DIM 
| E. 
M ud РА le 
OY 
` А 


MILLIMETERS 


|В [775 |851 | 0.305 | 0.335 | 
[ c [419 [470 | 0.165 | 0.185 | 


uc t 
0.040 


Е |041 |048 | 0.016 | 0.019 


0.335 | 0.370 
0.305 | 0.335 
0.150 | 0.185 
0.016 | 0.021 


G 5.08 BSC 0.200 BSC 0.200 BSC 
» 4 071 |086 | 0.028 | 0.034 0.028 | 0.034 


0.029 | 045 
0500 | - 
450 BSC 


= z == == om > 
= = 


"RE: STYLES 
РІМ 1. COLLECTOR — 5. EMITTER НИТ OKIE M 
s E; ЖАУ 2. SOURCE 6. SOURCE 
3, EMITTER 7. COLLECTOR 
4. OMITTED 8. OMITTED 3. DRAIN 7. GATE 
: 4. OMITTED 8. OMITTED 
STYLE 2: 
PIN 1. COLLECTOR 5. SOURCE STYLES: 
Ци ig T ОНАН SIDE 1 (NPN) SIDE 2 (РМР) 
- ; à 5. EMITTER 
4. OMITTED 8. OMITTED rco E ee an7 
STYLE 3: 3. EMITTER 7. COLLECTOR 
PIN 1. EMITTER 4. OMITTED 8. OMITTED 
2. BASE 
3. COLLECTOR STYLE 6: 
4. OMITTED PIN 1. SOURCE 5. SOURCE 
Ti or LUN 
6. NO CONNECTION : - 
КРИВЕ 4. OMITTED 8. OMITTED 
8. OMITTED 
CASE 714-02 
p 4 
R 


G—- m- 


0.510 
0.320 


\-6-32 UNC 28 


= H Б L 
FIRST STAGE. PIN 1, RF IN 

4, RF OUT 
SECOND STAGE: PIN B, RF IN 

9, RF OUT 


Vdc: PINS 
OC AND RF GROUND: PINS 2, 3, 7, 8 


NOTE 
1 MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION 
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Application Note Abstracts 


(Application Notes are available upon request.) 


AN-139A Understanding Transistor 
Response Parameters 

This note explains high-frequency transistor response param- 
eters and discusses their interdependence. Useful nomograms 
are given for determining ће, fr, Ге Гао and many other 
parameters. 


AN-211A Field-Effect Transistors in 
Theory and Practice 

The basic theory, construction, and application information for 
field-effect transistors (junction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 


AN-215A RF Small-Signal Design Using 
2-Port Parameters 

Power gain and stability of high-frequency transistors may be 
completely described by two port parameters. 

This paper presents a summary of the overall design solution 
for the small-signal RF amplifier using two-port parameters. 
Design considerations and relationships for both the stable and 
the potentially unstable transistor are presented together with 
a discussion of neutralized, unneutralized, matched, and mis- 
matched amplifiers. 


AN-267 Matching Network Designs with 
Computer Solutions 


Computer solutions for four networks commonly used in solid- 
state high frequency amplifiers have been tabulated. 


AN-268 Pulse Triggering of Radar 
Modulator SCR's 


Factors involved in dynamic gate triggering are examined and 
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relations of gate triggering characteristics to variations of total 
current amplifications with gate current are shown. 


AN-270 Nanosecond Pulse Handling Techniques in 
IC Interconnections 


The rapid advancement in the field of high speed digital in- 
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con- 
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 


AN-421 Semiconductor Noise Figure 
Considerations 


A summary of many of the important noise figure consider- 
ations related with the design of low noise amplifiers is pre- 
sented. The basic fundamentals involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon- 
ductors. A brief introduction is made to various methods of data 
sheet presentation of noise figure and a summary is given for 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con- 
siderations, is included. 


EN-101 Verifying Collector Voltage Ratings 


Methods of verifying the various voltage ratings given on tran- 
sistor data sheets are described. Practical test circuits are given 
and testing problems are discussed. A detailed discussion of 
the avalanche breakdown mechanism and the significance of 
various voltage ratings is also included. 


SMALL-SIGNAL DEVICES 


Discrete products are available from Motorola in three quality 
levels: Industrial/Commercial grade, Military grade, and Cus- 
tomer Specials. 

This Reliability and Quality Assurance section contains infor- 
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-noted quality levels. 

High reliability (JAN, JANTX, JANTXV, and JANS) processing 
of transistors is outlined by using a processing and quality control 
flow chart. 

A glossary of Reliability and Quality terms is also included. 


Reliability and 
Quality Assurance 


Reliability and Quality Assurance 


Quality Levels 
Most small-signal discrete products are available from 
Motorola in three quality levels: 


1. INDUSTRIAL/COMMERCIAL GRADE — Identified by 
a part number prefix such as 2N, MM or MPS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 

2. MILITARY GRADE — Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu- 
factured and tested per MIL-S-19500. 


JAN — Controlled lot with sample environmental and 
life testing 


JTX — Same as JAN plus 100% processing 


JTXV — Same as JTX plus 10096 internal visual 
inspection 

JANS— Same as JTXV plus wafer lot acceptance and 
additional 10096 processing requirements. 


3. | CUSTOMER SPECIAL — Screening, testing and mark- 
ing as determined by the customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade product to a hi-rel product 
which is subjected to a series of stringent inspections 
and tests to meet aerospace or special military 
requirements. 


Final Test Processing 

Device lots are subjected to 10096 processing in Final Test. 
This processing may be as simple as electrical testing to data 
sheet specifications or as complex as a series of mechanical, 
environmental and burn-in screening tests preceded and fol- 
lowed by electrical readouts. All lots, whether industrial/com- 
mercial, military or hi-rel, are subjected to a minimum eight-hour 
storage bake at 150°C or 200°C. 


Quality Assurance Processing 

All products are transferred to QA where they are subjected 
to Group A electrical testing, usually to the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signal metal 
can transistors are 100% electrical tested by QA, and when this 
expansion program is completed, all small-signal transistors will 
be subjected to 100% QA electrical testing. Military and hi-rel 
lots may undergo additional 100% screening in QA. Using the 
popular 2N2222A family as an example, Table 1 compares the 
varying degrees of preconditioning and screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam- 
ples for Group A, B and C testing as defined in MIL-S-19500. 
The individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group B and C test requirements for the 2N2222A 
military family. 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (2N22224 Family) 


Method 2N2222AJAN | 2N2222AJTXV 
1. Electrical tests — go – no go 10096 10096 
2. High temperature storage 200°C, 24 hours 
3. Thermal shock C, 20 cycles 
4. Constant acceleration 20,000 G, Y1 
5. Particle impact noise B — — 100% 
6. Hermetic seal 
fine leak GorH — 100% 100% 
gross leak A, C, E or F — 100% 100% 
7. Electrical tests read & record — -- 10096 
8. H.T. reverse bias 150°C, 48 hours — 100% 100% 
9. Electrical tests read & record* — 100% 100% 
10. Full-power burn-in 25°C, 168 hours — 100% — 
11. Full-power burn-in 25*C, 240 hours -- - 100% 
12. Electrical tests read & record* 
13. Hermetic seal 
fine leak GorH e 100% 100% 
gross leak A, C, E or F 
. X-ray — 


. External visual 


*Bin & cell may be used for JTX and JTXV product 
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TABLE 2 — GROUP B TESTS (2N2222AJAN/JTX/JTXV/JANS) 


MIL-STD-750 LTPD (Accept No.) 
inspection or Test Method EM and Military Classification 


SUBGROUP LTPD 
1. Physical dimensions 
SUBGROUP LTPD 
2. Solderability 
3. Solvent resistance 
SUBGROUP LTPD 


4. Thermal shock C1, 25 cycles JAN, JTX, JTXV 
Thermal shock C3, 100 cycles JANS 
5. Hermetic seal 
fine leak G or H ALL 
gross leak A,C,EorF ALL 
6. Decap internal visual JANS 
7. Bond strength JANS 
8. Die shear JANS 
SUBGROUP LTPD 5 (2) 
9. Operating life 25*C, 340 hours JAN, JTX, JTXV 
SUBGROUP LTPD 20 (0) 

10. Decap internal visual — JAN, JTX, JTXV 
11. Bond strength A JAN, JTX, JTXV 
SUBGROUP LTPD 10 (2) 

12. Intermittent operating life 25*C, 2000 cycles JANS 
SUBGROUP LTPD 10 (2) 
13. Accelerated operating life 125*C, 96 hours JANS 
SUBGROUP LTPD 7 (2) 

. High-temperature storage life 200*C, 340 hours JAN, JTX, JTXV 


TABLE 3 — GROUP C TESTS (N2222AJAN/JTX/,JTXV/JANS) 


SUPGROUP LTPD 

. Physical dimensions 
SUBGROUP LTPD 

. Thermal shock 

. Terminal strength 

. Hermetic seal 
fine leak GorH 
gross leak A, C, E or F 

. Moisture resistance Omit initial precond. 

. External visual — 
SUBGROUP LTPD 

. Shock 1500G 

. Variable-frequency vibration 100—2000 Hz 

. Constant acceleration 20,000 G 
SUBGROUP LTPD 

. Salt atmosphere — 
SUBGROUP LTPD 

. Operating life 25°C, 1000 hours 
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High Reliability Processing of Transistors 


1 WAFER PROCESSING 


After wafers are processed, they are subjected to Motorola visual 
inspection requirements and overlay geometry wafers are sub- 
jected to a sample SEM inspection to assure good step cov- 
erage. The wafers are then probed to electrical requirements 
and the rejects are inked. Finally, they are sawn and separated 


ІІ ASSEMBLY 


The die are attached to headers and then wire bonded. The 
following mechanical tests are performed by Quality Control in- 
spectors on a sample basis to ensure assembly process 
controls. 

(1) Wire pull tests 


ІН CAN WELD OR LID SEAL 


Completed headers are loaded into a vacuum chamber for can 
weld or processed thru a furnace for top attachments on ceramic 
packages. All devices are subjected to a high temperature stor- 
age (stabilization bake) prior to final electrical test. 


to form the individual dice. 


COMMERCIAL 
GRADE 


MILITARY GRADE 


CUSTOMER SPECIFIED 
SCREENING AND TESTING 


(2) Die push off tests 
Units are stored in dry air until ready for capping. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


WAFER 
PROCESSING 


МІ SCANNING 


ELECTRON 
MICROSCOPE 
(SEM) 


JANTXV 


VIII 
100% 
HIGH POWER 
DIE VISUAL 


Ul 
CAN WELD 

OR 
LID SEAL 


IX 


100% LOW POWER 
ASSEMBLY VISUAL 


XII 
CUSTOMER 
SPECIFIED 

PROCESSING 


VII SCANNING ELECTRON MICROSCOPE 


All JANS product with overlay geometry requires a SEM in- 
spection per MIL-STD-750, method 2077. To assure good 
metallization step coverage, Motorola monitors all overlay ge- 
ometry transistor wafer lines whether or not it is required. 


XII CUSTOMER SPECIFIED PROCESSING 


Screening, testing and marking as determined by the customer 
to meet his particular requirements, which may range from a 
custom-marked standard product to a hi-rel product that is sub- 
jected to the most stringent tests for aerospace or military 


Vill 100% HIGH POWER DIE VISUAL 


The high power portion of the inspection is performed to assure 
good die construction and front metal conditions. Individual reject 
criteria includes the following: Metallization defects such as 
scratches, voids, corrosion, adherence, bridging and alignment. 
Poor die construction conditions such as oxide and faults are 
also rejected. 


IX 100% LOW POWER ASSEMBLY VISUAL 


The low power visual inspection controls workmanship, i.e., die 
attachment, internal lead-wire attachment, and package defects. 
Die attachment inspection includes assuring good watting, die 
placement and proper orientation. Internal lead wires must have 
proper arc and all attachment bonds must be properly placed 
and in good condition. Package defect inspection includes 
checking for foreign material, improper construction and cracked 
feedthroughs. 
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IV 100% FINAL ELECTRICAL TEST 
Completed devices are subjected to 100% testing to electrical 
requirements. When different devices are sourced from a single 
product line, they are sorted for voltage and gain. 


V 100% 


FINAL 
ELECTRICAL 
TEST 


JANTX JANTXV JANS 


X 
100% 
QUALITY CONTROL 
PROCESSING 


V QUALITY CONTROL 


Although it has been traditional for QA to perform sample testing, 
today most small-signal metal can transistors are 100% electrical 
tested by QA. Soon, all transistors will be 100% tested by QA. 
Group A and B tests are performed on JAN devices. Group A 
and B tests and 100% processing are performed on JANTX, 
JANTXV and JANS devices. Group C testing is required on a 
periodic basis. 


QUALITY 
CONTROL 


XI 


GROUP B SAMPLE 
GROUP C SAMPLE 


VI WAREHOUSE 


Upon completion, the finished product is ready for shipping. 
Purchase order requirements are carefully checked again prior 
to shipping. Warranty tests (Group A) are performed every 24 
months on military devices. 


VI 
WAREHOUSE 
SHIP 
COMMERCIAL 


VI 
WAREHOUSE 
SHIP 
JAN-JANTX-JANTXV 


VI 
WAREHOUSE 
SHIP 


CUSTOM SPECIAL 


X 100% QUALITY CONTROL PROCESSING 


XI GROUP B AND GROUP C INSPECTION 


High-temperature storage 
Thermal shock 
Constant acceleration 


Hermetic seal 
Full-power burn-in 


X-ray (JANS) 
External visual (JANS) 


c"-7seo-9007p 
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Particle impact noise (JANS) 


High-temperature reverse bias 


Read and record parameters 


Typical Group B Processing — Typical Group C Processing 
&. Physical dimensions a. Physical dimensions 
b. Solderability b. Thermal shock 
C. Solvent resistance c. Terminal strength 
d. Thermal shock d. Hermetic seal 
e. Hermetic seal e. Moisture resistance 
f. Decap internal visual f. External visual 
g. Bond strength g. Shock 
h. Die shear h. Variable-frequency 

vibration 
i. 340 hr. operating life i. Constant acceleration 
j. Intermittent operating Ме |. Salt atmosphere 
(JANS) 
k. Accelerated operating life k. 1000 hr. operating life 
(JANS) 


|. 340 hr. storage life 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. 


Steady State Operating Life (SSOL) 

The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 


Conditions: Ta = 25°C, PD = max rated power 


Intermittent Operating Life (IOL) 


The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 

Conditions: Ta = 25°C, PD = max rated power. Т(оп) 
= Той) = 1 min. 


High Temperature Storage Life 

The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
Stability. 

Conditions: TA = 150°C no bias applied 


High Temperature Reverse Bias (HTRB) 

The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more terminals. 


Conditions: TA = 150°C, Vcg = 80% max rated Усв, 


High Temperature High Humidity Reverse Bias 
(НУТАВ) 


The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- 
tration has taken place. With time, this is a catastrophically 
destructive test. 

Conditions: TA = 85°C, RH = 85%, Vcg = 80% max 
rated Vcp, 


Moisture Resistance 


The purpose of this test is to evaluate the moisture resis- 
tance of components under temperature/humidity condi- 
tions typical of tropical environments. 


Conditions: Mil-Std-750, Method 1021. 
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G. 


Pressure Cooker 


The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components under pressure/ 
temperature conditions. 


Conditions: T = 121°C, P = 1 atmosphere (15 psig) 


Temperature Cycle (Air to Air) 


The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, —55°C to 150°C, 
15 minutes dwell time at each temperature 


Thermal Shock (Liquid to Liquid) 
This test is an accelerated version of temperature cycle. 


Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 


Terminal Strength 


The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 


Solderability 


The purpose of this test is to determine the solderability of 
the device terminals. 


Conditions: Mil-Std-750, Method 2026. 


Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre- 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac- 
ceptance of military product. 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL) — A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer’s risk because the 
probability of rejecting a good lot is 5%. 


Acceptance Number (Ac) — The largest number of defec- 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 


Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AOQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AOQL) — The maximum 
average outgoing quality that is possible for a given sam- 
pling plan. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in- 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec- 
ond sample, when required, always leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 
function within previously-established limits. 


Failure Rate — The statistical probability of a failure occur- 
ring within a stated period of time. For electronic compo- 
nents it is usually assumed that failures follow an exponen- 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


Infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub- 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


Lot Tolerance Percent Defective (LTPD) — A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep- 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 
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Mean Time Between Failures (MTBF) — The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip- 
rocal of failure rate. 


Operating Characteristic Curve (OC curve) — A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul- 
tiplied by 100. 


Probability of Acceptance (Pa) — The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


Rejection Number (Re) — The smallest number of defectives 
in an inspection sample under consideration that will pre- 
vent acceptance of the lot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sample — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 


Sampling Plan — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi- 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur- 
rence increases with time. 


100% Inspection — Inspection of every device, in which each 


device is accepted or rejected individually for the charac- 
teristic concerned, on the basis of its own inspection only. 
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